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REVIEW OF LITERATURE 
The by-product is sometimes more valuable than the 
product. (Havelock Ellis, "Little Essays of Love and 
Virtue," Chapter 3, 1922.) 
Introduction 
For centuries livestock have served agriculture as primary "processor" 
and marketing vehicle for forage and grain. Livestock products--meat, 
milk, wool, and eggs--are the classic "value-added" products of an 
agricultural-based economy. A growing trend recently has been to process 
grain into its basic components of protein, carbohydrates, fats and fiber, 
and then, to restructure these components into various useful products. 
Corn, the major feed grain grown in the world, for example, can be refined 
for use not only as starch and syrup, but as high-fructose sweeteners, 
dextrose, fuel alcohol, and oil. Additionally, these components serve as 
feedstock for further processing, e.g., corn-based plastics and synthetic 
amino acid production. 
Accompanying the agricultural "mega-trend" of expanding grain and food 
processing is, on the one hand, a growing competition for raw grain beyond 
its classic use as livestock feed, and, on the other hand, a mushrooming 
supply of agri-industrial byproducts and coproducts, many of which have 
potential as livestock feedstuffs. Livestock consumption and utilization 
of byproduct feeds is certainly not new, but the industrial competition 
for feed grain and the vast production of byproducts, frequently new 
byproducts, is a unique development in agriculture. 
Corn processing or refining, although dating to ancient times, has 
recently expanded very rapidly. The primary coproduct of the corn wet-
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milling process is corn gluten feed. Traditionally corn gluten feed has 
been used in ruminant rations with considerable success, as have many 
other fibrous byproduct feeds. However, the current trend of expanding 
byproduct availability raises questions about using these byproducts in 
swine production. The subject of the studies reported here examines corn 
gluten feed use in swine diets, particularly gestating sow diets. 
Corn Wet-milling: The Process 
Corn wet-milling is a refining process utilizing yellow corn grain as 
the raw material feedstock and producing a variety of products and 
coproducts (byproducts), one of which is corn gluten feed (CGF). The 
schematic outline in Figure 1 illustrates the wet-milling process. The 
constituents of the corn kernel, Figure 2, are separated using soaking 
(steeping) in 52® C water with 0.1% sulfur dioxide for 48 hours followed 
by a series of grinding, screening, and centrifugation operations (Wall 
and Paulis, 1978). The derived wet corn starch is then processed as 
starch or converted into sweeteners or alcohol. The principal high value 
products include corn syrup and sweeteners, dextrose, corn starch, corn 
oil, and alcohol. 
The remaining output (25-30%) consists of the coproducts that include 
corn gluten feed, corn gluten meal, corn germ meal, condensed fermented 
corn extractives, and carbon dioxide. These coproducts are distinctive 
for the corn wet-milling process. In starch production starting with 100 
kg of corn grain: 62-68 kg starch, 3 kg oil, 3.2 kg germ meal, 20 kg 
gluten feed, 4.5 kg gluten meal, and steepwater are obtained. The 
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coproducts can be mixed to yield about 27 kg of corn gluten feed (Boucqué 
and Fiems, 1988). 
Corn gluten feed, the subject of this work, is a fibrous, medium 
protein feedstuff composed of corn bran (fiber) and the steepwater (steep 
liquor), a solution rich in soluble corn proteins and vitamins. The 
composition of CGF can vary considerably depending on the mix of 
coproducts used in its production. 
Corn gluten meal, although similar in name, differs from CGF. Corn 
gluten meal is a high protein, low fiber feed derived from the gluten 
(protein) portion of the corn kernel. It is available in the 60% and 41% 
crude protein forms. Corn gluten meal is extensively used in poultry diet 
formulation as a pigmenting source because it contains 264 mg 
xanthophyll/kg compared to 15 mg/kg in corn. Corn gluten meal is easily 
recognized by its deep yellow color. The price of corn gluten meal 
precludes its use in swine diets. 
Corn germ meal is the residue remaining from the germ after the oil 
has been extracted. Depending on the individual plant, corn germ meal can 
be added to CGF. It is used in livestock feeds, and has a superior amino 
acid profile to CGF. Generally, corn germ meal is much less widely 
available than CGF. 
Condensed fermented corn extractives are used primarily as an 
ingredient in ruminant diets and liquid feed supplements. Carbon dioxide 
is widely used in flash freezing meat, carbonization of beverages and as a 
nutrient source in growing hydroponic vegetables. 
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Corn Wet-milling: The Industry 
Essential in an evaluation of a coproduct or byproduct feed is the 
size, growth, and viability of the parent production industry. In the 
case of the coproduct CGF, that industry is the corn wet-milling industry. 
The U.S. corn wet-milling industry has nearly tripled in size since 1975 
(Table 1). The growth translates into an annual 23% increase in bushels 
of corn used in corn wet-milling annually since 1975 (Table 1). The 
tremendous industry growth is largely due to explosive growth in the 
production of high fructose corn syrup and fuel alcohol (Table 1).. 
Actual U.S. production of CGF and corn gluten meal (COM) has more than 
doubled since 1975 (USDA, 1986). CGF and CGM production is combined in 
USDA reports; however, CGF accounts for approximately 78.13% of the 
combined production (L. Van Mier, USDA, personal communication, 1988) in a 
constant relationship with CGM. Therefore, U.S. CGF has more than doubled 
since 1975 (Table 1), reaching 4,053,300 metric tons in 1986. 
A large percentage of domestic CGF is exported (USDA, 1981; USDA, 
1987), as shown in Table 1. Corn gluten feed can currently enter the 
European market as a protein supplement which makes it virtually tariff 
free. Therefore, CGF competes with a price advantage over U.S. feed 
grains in the European market. In recent years the export niche created 
by this tariff situation has encouraged U.S. CGF producers to export 
virtually all of the domestic production (Table 1) and has kept CGF prices 
too high for CGF to be competitive in U.S. livestock rations. However, it 
should be noted that the CGF tariff advantage is vulnerable to changes in 
international trade policies and could evaporate at any time. In such a 
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Table 1. U.S. corn gluten feed production and exports 
Corn gluten 
feed and Com Corn Corn 
corn gluten gluten gluten gluten 
meal feed , feed feed 
Year production* production exports ^  exported 
f1.000 metric tons) (i) 
1975 2294.5 1792.7 855.8 47.7 
1976 2436.9 1904.0 1940.5 54.6 
1977 2711.6 2118.5 1425.9 67.3 
1978 2910.8 2274.2 1666.2 73.3 
1979 3196.3 2497.2 1998.3 80.0 
1980 3382.0 2642.4 2540.5 96.1 
1981 3699.9 2890.8 2787.6 96.4 
1982 4187.8 3271.9 2854.2 87.2 
1983 4944.7 3863.3 3604.2 93.3 
1984 5179.2 4046.5 3628.1 89.7 
1985 4887.5 3818.6 3471.5 90.9 
1986 5187.9 4053.3 4260.5 105.1® 
^SDA, 1986. Converted to metric tons from short tons. 
^Based on personal communication, L. Van Mier, USDA, CGF 78.13% of 
total CGF and corn gluten meal production. CGF production data only are 
not available from USDA. 
%SDA, 1981, and USDA, 1987. Includes small quantities of corn 
gluten meal. 
'^Exports divided by calculated CGF production multiplied by 100. 
0 
CGF exports exceed CGF production because (1) exports include small 
quantities of corn gluten meal, (2) inventories are not considered, and 
(3) production is based on calculations. 
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scenario, very large quantities of lower priced CGF would be available in 
the U.S. market. For several years, the U.S. has protected its sugar 
industry with extremely high tariffs, which keep low-priced foreign sugar 
out of the U.S. domestic market. This artificial economic situation in 
the U.S. for sugar and sweeteners has fostered growth in the use of corn 
sweeteners, and subsequently in the output of CGF. 
Also of note is the fact that many of the corn wet-milling plants are 
located in the U.S. corn belt and in close proximity to livestock feeding 
centers, especially swine. For example, Iowa leads the United States in 
the number of plants producing corn gluten feed and the number of hogs 
produced. Thus it seems logical to be poised with information ready to 
exploit the corn gluten feed resource as a feedstuff in swine production. 
Information generated from studies such as the ones reported here position 
the industry to advantageously seize such an opportunity when it arises. 
Corn Gluten Feed Quality 
A continuing concern with agri-Industrial byproduct feeds is the 
consistency of quality and composition of the feed. This is a particular 
problem with corn gluten feed because it includes variable quantities of 
screenings, corn steepwater (liquor), bran, germ, and some starch and 
gluten (Corn Industries Research Foundation, 1959). Furthermore, CGF is 
dried and sometimes pelleted--processes that can alter nutrient 
availability depending on the quality control of the process. In the wet 
form CGF is subject to deterioration when exposed to air. 
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Droppo et al. (1985) sampled 14 loads of wet CGF from a Canadian plant 
and reported a crude protein content ranging from 17.1 to 27.4%, acid 
detergent fiber ranging from 5.1 to 9.1%, ash content ranging from 5.1 to 
10.4%, calcium ranging from .01 to .06%, and phosphorus ranging from .95 
to 1.81%. Coefficients of variation between loads ranged from 12 to 35%. 
CGF variation among six U.S. midwestem plants was assessed by Fleck 
et al. (1987). No difference in starch content was found. However, crude 
fat varied from 2.1 to 7.2%, lignin varied from 1.44 to 2.02%, and 
cellulose varied from 7.3 to 9.9%. Pepsin insoluble nitrogen varied from 
7.7 to 20.0%, with the highest values appearing in samples dark in color 
with a burnt odor. Crude protein values averaged 20.0%, with samples from 
one plant averaging 15.4%. 
Variation is common from plant to plant and within plant as a result 
of differing combinations of corn steep liquor and bran, drying techniques 
and temperatures, degree of corn oil extraction, and disposition of germ 
meal. Clearly, variation is the rule when using CGF, requiring chemical 
analysis before diet formulation and feedstuff purchase. 
Corn Gluten Feed and Related Corn Wet-milling 
Coproducts in Swine Diets 
Corn pluten feed 
CGF research with swine is limited. Reports date back to Eward 
(1920) at the Iowa Station who fed CGF as a protein source to finishing 
pigs and reported that feed consumption and daily gains decreased and feed 
efficiency declined with CGF usage in the ration. 
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Yen et al. (1971) reported that finishing pig performance was 
unaffected as the level of CGF increased up to 30% of the diet. It was 
also noted that pelleting CGF resulted in more efficient CGF utilization, 
especially when CGF was used as a protein source. In further work, Yen et 
al. (1974) determined the energy value for CGF using 17 kg pigs to be 2770 
kcal ME/kg (DM) and after adjustment for nitrogen retention, 2600 kcal 
ME/kg (DM). Later work by Young et al. (1977) confirmed this ME value for 
CGF using 12-60 kg barrows. 
CGF utilization by poultry, rats, and swine was evaluated by Bayley et 
al. (1971). CGF nutrient digestibilities were determined for dry matter 
(76%), crude protein (82%), crude fiber (51%), and fat (55%). The CGF 
energy value was reported as 3030 kcal/kg DE (DM). Current CGF 
composition values are shown in Table 2. Pig weight was not reported. 
Pelleting CGF did not affect energy utilization values for swine (Bayley 
et al., 1971; Yen et al., 1974), 
Corn gluten feed research reports resumed in the mid-1980s. In an 
extensive study, Edwards et al. (1985) reported, contrary to British 
recommendations of a 15% maximum, that CGF rates up to 30% of the diet did 
not adversely influence finishing pig performance (37 to 85 kg). However, 
increasing CGF in the diet resulted in leaner carcasses with fat that was 
darker, more yellow, and which contained increased levels of linoleic 
acid. Therefore, the authors concluded that carcass fat appearance and 
keeping quality might be adversely affected by the higher CGF inclusion 
levels. 
11 
Table 2. Average composition of corn wet-milling coproducts^'^ 
Corn Corn Corn Condensed Corn, 
gluten gluten germ ferm. corn yellow 
Item (%) feed meal meal extractives grain 
Dry matter 87.00-90.00 90.00 90.00 53.00 89.00 
Crude protein 21.00-22.30 60.00 20.00-22.60 24.80 8.80 
Crude fiber 8.00-10.00 2.50 9.50-12.00 0 2.20 
Fat 2.00- 3.80 2.00 1.00- 4.60 0 3.80 
Calcium .20- .40 .02 .30 .14 .02 
Phosphorus .80- .90 .70 .50 1.80 .28 
ME, kcal/kg 2400 NA 2900 NA 3325 
Ash 7.20- 7.80 1.80 3.80 10.00 1.50 
Amino Acids 
Lysine .60- .63 1.00 .90 .87 .24 
Tryptophan .10 .30 .20 .05 .05 
Threonine .89- .90 2.00 1.10 .96 .39 
Methionine .50 1.90 .60 .50 .20 
^As-fed basis. 
^Reiners et al., 1973; NRG, 1979; Allen, 1987; and Boucqué and Fiems, 
1988. 
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U.S. trials with growing-finishing pigs fed CGF diets reported 
decreased gains and depressed feed efficiencies when feeding CGF levels 
over 40% of the diet (Honeyman and Zimmerman, 1986; Jones and Easter, 
1987). 
Furthermore, when corn oil was added to CGF diets to make them 
isocaloric, gain and feed efficiency were not affected by CGF levels up to 
30% of the diet (Jones and Easter, 1986). Reduced backfat thickness and 
improved carcass grade with increasing CGF levels were reported by 
Honeyman and Zimmerman (1986). 
Finishing pigs (37 to 105 kg) have also been successfully fed ensiled 
wet CGF (40% DM) up to 25% of the daily energy intake with no effect on 
pig performance or carcass quality (Smits and Gostendorp, 1984). However, 
some initial feed intake problems were encountered. 
Few reports of feeding CGF to gestating sows exist. ' An ensiled 50:50 
combination of corn and wet CGF (about 40% dry matter) was fed to 
multiparous gestating sows resulting in similar litter performance and 
decreased lactation weight loss compared to sows fed a corn-soybean meal 
diet on an equal metabolizable energy basis (Kent et al., 1986), Sows fed 
diets containing either 56% CGF with supplemental tryptophan or a corn and 
soybean meal did not differ in sow weight changes, lactation feed intake, 
litter performance, milk fat or protein content, backfat change, and 
return to estrus (Jones and Easter, 1987). 
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Corn perm meal 
Use of corn germ meal (CGM) in young pig diets has been reported (Kerr 
et al., 1985). Even though the CGM amino acid profile seems adequate for 
the needs of the young pig, an all-CGM diet limited feed intake probably 
because of dietary bulk. Apparent digestibilities of dry matter and 
nitrogen were reduced as CGM level was increased. Young pigs digested the 
CGM fiber well; e.g., hemicellulose, 37% of the diet, was 89% digested. 
CGM DE value was determined to be 3540 kcal/kg DM, comparable with that of 
corn, which suggests that pigs were deriving energy from the CGM fiber 
(Kerr, University of Illinois, Urbana, unpublished results). 
Additional work with CGM is not available, probably because CGM 
production is limited and is frequently blended into CGF by the industry. 
Current CGM composition values are shown in Table 2. However, Kerr et al. 
(1985) suggest that CGM may have distinctive value for swine and perhaps 
poultry. 
Corn pluten meal and condensed fermented extractives 
Experimental work with corn gluten meal for swine is unavailable and 
probably inappropriate. Corn gluten meal is utilized principally by the 
poultry industry for its pigmenting qualities and the pet food industry 
for its high protein concentration and, therefore, it is priced beyond the 
practical range of swine feed ingredients. No work has been reported 
using condensed fermented corn extractives in swine diets probably because 
of the high moisture content of the product. Current composition values 
for these feedstuffs are shown in Table 2. 
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Dried steep liquor concentrate 
Another rather new feed coproduct of the com wet-milling industry is 
somewhat similar to CGF and may have swine applications. It is a 
combination of condensed fermented com solubles, germ meal, and bran 
called dried steep liquor concentrate (DSLC). It contains 31.5% crude 
protein, 1% fat, 5.2% crude fiber, 1.27% lysine, .17% tryptophan, and 1.6% 
phosphorous. Thus DSLC is higher in protein, lysine, tryptophan, and 
phosphorous, and lower in fiber and fat than CGF. 
Work from Illinois on DSLC reported that finishing pigs fed DSLC and 
corn diets resulted in lower gains, feed intake, and feed efficiency than 
pigs fed a control corn-soybean meal diet (Harmon et al., 1975a). When 
both lysine and tryptophan were added to DSLC diets, pig performance 
improved. If either amino acid was added singularly, performance remained 
depressed, suggesting that both lysine and tryptophan were limiting in 
DSLC. In further work, Harmon et al. (1975b) demonstrated that 30 and 36% 
of total lysine could be supplied from DSLC for young pigs and finishing 
pigs, respectively. 
The metabolizable energy content of DSLC for swine (corrected for 
nitrogen) was reported to be 3790 kcal/kg DM (Cornelius et al., 1977). 
The values tended to be higher for gravid gilts than for finishing pigs or 
non-gravid gilts. Nitrogen retention was depressed with each increment of 
dietary DSLC. Concomitant increases occurred in urinary and fecal 
nitrogen levels, which suggest poor amino acid pattern and protein 
digestibility of DSLC. 
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If DSLC becomes more widely available, It shows some promise as a 
protein supplement in swine feeds. 
Corn gluten feed and other related com wet-milling coproducts 
generally (1) are low in lysine and tryptophan availability for swine, (2) 
are lower in energy value than corn grain, and (3) contain well-digested 
and utilized fibrous fractions by swine. 
Effects of Gestation Nutrition 
on Sow Reproductive Performance 
The objective in feeding the gestating sow is to obtain maximum 
productivity for the least cost. Feed costs represent a major proportion 
of the cost of maintaining the gestating sow. A balance is necessary 
between productivity, feed costs, and sow longevity. Short-term 
nutritional needs of the sow frequently disregard the long-term 
consequences of nutrition on reproductive longevity and productivity. 
Least cost diet formulation must consider the long-term effects on sow 
productivity, if the diet is actually least cost over the entire 
individual sow's reproductive life. In addition, many other factors other 
than nutrition impact sow reproductive performance, including management, 
body condition, environment, genetics, and health status of the sow. 
The relationships between sow nutrition and reproduction, between sow 
condition (fatness) and nutrition, and between sow longevity and nutrition 
are extremely unclear. Whitteraore (1987) gives an excellent overview of 
strategies for nutrition of breeding sows based on current research and 
production systems. He concludes that sow feeding should be a long-term 
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strategy concerning long-term trends in body weight and condition, in 
which sow condition, i.e., fatness, is more important than sow weight. 
Excessive feed intake during gestation may reduce embryo survival and 
decrease lactation appetite. Gestation feeding strategies should provide 
for a backfat thickness of 14-20 mm at farrowing and a total body gain of 
40-50 kg from breeding to farrowing. To achieve this target, Whittemore 
(1987) states that a daily feed allowance greater than 2 kg is required. 
Furthermore, sows unavoidably lose fat during lactation and should gain 
fat during gestation to maintain 12-16 mm of backfat over their 
reproductive life and not less than 10 mm at any time. 
Sows can gain weight and lose fat simultaneously. During gestation 
both weight and fat are gained, but more weight than fat; while during 
lactation both weight and fat are lost, but more fat than weight 
(Whittemore et al., 1980). At feeding levels of 1.8-2.3 kg/day gestation 
and 4.8 kg/day lactation, sows gained mostly lean in gestation and lost 
fat in lactation. Therefore, the sows, over a few parities, rapidly 
depleted fat reserves (Whittemore et al., 1980). Several workers have 
reported impaired reproductive performance by their sows (Maclean, 1968, 
1969; Lengele, 1978; Bereskin and Frobish, 1981; Reese et al., 1982). 
However, in a one-year study involving a large commercial farrow-to-finish 
unit, no significant relationships between changes in body condition and 
rebreeding performance of the sows were found, which suggests that sow 
body condition changes typically observed in commercial units may be too 
slight to have an effect on reproductive performance (Esbenshade et al., 
1986). 
It is well established that nutrition during early gestation can 
affect the survival rate and development of embryos in gilts. For sows, 
Heap et al. (1967) reported a significant relationship between number of 
corpora lutea, weight of sow at service, and number of normal embryos. 
When adjusted for sow weight differences, there were no dietary effects on 
number of normal embryos or survival rate. Comparing sows fed three 
levels of feed, Toplis et al. (1983) reported no difference in ovulation 
rates, embryo numbers, embryo body sizes, and embryo survival rates for 
multiparous sows fed either 2 or 4 kg from 3 days before mating until 30 
days after mating. It seems that multiparous sow embryonic survival is 
not affected by nutrition. 
The energy requirement of the sow is related to her body weight and 
body reserves as well as other environmental factors. Levels of energy 
intake required for optimum development of the sow and fetuses have not 
been well determined. Level of feed intake clearly impacts the sow weight 
gain and to a lesser extent the pig birth weight. Verstagen et al. (1987) 
reviewed the energy requirement of the gestating sow and concluded that 
the gestating sow (140-160 kg at breeding) maintenance requirement is 1.7-
1.85 kg of feed per day (2868 kcal ME/kg) plus a 4% increase per °C below 
18-20° C. Additionally, nutrient requirements for sow gain and for 
reproduction (uterus and fetuses) need to be met. Therefore, a 140 kg sow 
at breeding should receive 2.1 kg of feed daily in the first month of 
gestation and 2.9 kg of feed daily at the end of gestation. These 
recommendations are higher than those stated by NRG (1979) of 1.8 kg/day 
and a total daily intake of 5760 kcal. 
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In other energy work with gestating sows, Baker et al. (1969) noted no 
effect of gestation diet intake on number of pigs farrowed or weaned using 
gilts fed 0.9, 1.4, 1.9, 2.4, or 3.0 kg/day. Birth weight and weaning 
weight of pigs increased as gestation diet intake increased with birth 
weight plateauing at 1.9 kg and weaning weight plateauing at 2.4 kg. 
Similar results were reported in a comparable study by Mullan and Williams 
(1988). 
Protein levels of gestation diets were evaluated by Mahan and Mangan 
(1975). Three levels (9, 13, and 17% crude protein) were fed to first-
litter sows. Sows fed the 9% protein diet gained less during gestation 
than the other sows. Reproductive performance did not differ between 
treatment groups. The sows were then fed either 12 or 18% protein 
lactation ad libitum. There were significant gestation by lactation 
protein level interactions on sow feed intakes and litter gains, 
suggesting a protein carry-over effect from gestation to lactation. 
Collectively, this information on the effects of gestation nutrition 
on reproductive performance is still incomplete and inconsistent. Sow 
variability in response to nutrients contributes to this dilemma. The 
entire field of sow nutrition remains a challenging arena for agricultural 
research. 
Fibrous Feedstuffs in Gestating Sow Diets 
Gestating sows, because of low energy needs relative to voluntary feed 
intake and a large digestive tract capacity, present a significant 
opportunity to utilize fibrous feedstuffs in swine production. Pond 
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(1981) suggests that feeding fibrous feeds to gestating sow could be 
greatly increased. Furthermore, Pond and Kass (1977) showed that the 
ability of swine to utilize fibrous feeds has been somewhat 
underestimated. 
Gestating sows perform well on diets containing fibrous feeds. Low 
levels of dietary alfalfa (10 to 20%) have been reported to increase the 
number of live pigs at farrowing (Hogan and Johnson, 1941; Cunha et al., 
1944; Fairbanks et al., 1945; Teague, 1955; Seerley and Wahlstrom, 1965). 
More recently, higher levels of dietary alfalfa have been researched. 
Danielson (1967) reported improved conception rate when sows were fed a 
66% alfalfa diet. Gestating sows were fed ad libitum diets of 96% alfalfa 
with acceptable weight gains and reproductive performance (Allee, 1976). 
Reproductive performance of sows was maintained or improved by feeding 
high levels of alfalfa (Danielson and Noonan, 1975; Cuaron et al., 1979; 
Pollmann et al., 1981; Calvert et al., 1985). Other fibrous feedstuffs 
have been fed successfully to gestating sows including alfalfa-
orchardgrass hay (Holzgraefe et al., 1986), alfalfa haylage (Wiesemuller, 
1982; Hagen et al., 1987), sunflower hulls (Carter et al., 1987), soybean 
hulls (Komegay, 1981), distillers dried grains with solubles (Thong et 
al., 1977), corn and cob meal, dried beet pulp, and wheat middlings 
(Zikovic and Bowland, 1970). 
Clearly, the sow has the ability to utilize a broad range of fibrous 
feedstuffs at high levels in her diet and maintain reproductive 
performance. 
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Digestibility of Amino Acids in Corn Gluten Feed 
Amino acid digestibility values of many common swine feedstuffs were 
reviewed by Low (1982), Tanksley and Knabe (1984), and Sauer and Ozimek 
(1985). Corn gluten feed, as other corn zein proteins, is low in lysine 
and tryptophan digestibility for swine. Rolls et al. (1972) showed that 
zein digestion is low because of its low solubility in gastric and 
intestinal juices. 
Early reports (Eward, 1920) attributed the poor utilization of CGF by 
swine to its bulky and unpalatable properties. It is now clear that the 
major problem in feeding CGF to swine is the imbalanced amino acid profile 
and the poor biological availability of the CGF amino acids, particularly 
tryptophan. Yen et al. (1971) reported that pigs (10 kg) would not 
consume satisfactory levels of CGF-based diets unless tryptophan was 
supplemented, and for pigs fed isonitrogenous diets, their level of 
performance (gain, intake, feed efficiency) decreased as the level of CGF 
increased. Lysine supplementation had no effect, whereas tryptophan 
addition significantly increased feed intake and gain, and improved feed 
efficiency. These conclusions were supported by Jones and Easter (1986). 
This work suggests that due to poor CGF tryptophan digestibility, 
tryptophan is the first-limiting amino acid in CGF. Yen et al. (1971) 
attributed the beneficial effects of pelleting CGF to improved tryptophan 
availability. 
Recently CGF amino acid digestibilities for swine have been reported: 
tryptophan, 32% (LaRue et al., 1987); lysine, 41%; threonine, 47%; 
isoleucine, 59% (Knabe et al., 1986). These determinations were made 
21 
using finishing pigs fitted with an ileal T-cannula. The simple T-cannula 
is fitted at the terminal ileum and a sample of digesta is withdrawn for 
analysis. The technique allows for determination of amino acid 
digestibility before the digesta enters the hindgut (cecum and large 
intestine) (Horszczaruk et al., 1972), thereby eliminating the influence 
on amino acid digestion of the hindgut microbes. Zebrowska (1973) 
demonstrated that nitrogen, infused into the large intestine, was not 
retained and was excreted via the urine. Therefore, nitrogen products of 
microbial action in the hindgut are of no apparent benefit to the pig. 
Thus, the T-cannula determination has some advantages over the more 
traditional fecal index method (Kuiken and Lyman, 1948). 
Generally, CGF amino acid digestibilities were low and quite variable 
with tryptophan first-limiting and lysine second-limiting for the samples 
researched (Knabe et ai;, 1986; LaRue et al., 1987). 
Fiber Digestibility of Corn Gluten Feed 
Crude fiber, the classic fiber value of the proximate analysis system, 
does not represent all fiber fractions of a feedstuff. For example, CGF 
contains 10% crude fiber (NRC, 1979) but actually contains 7.3-9.9% 
cellulose, 1.4-2.0% lignin, and about 38% hemicellulose (Fleck et al., 
1987). Therefore, improved systems have been developed to measure the 
various fiber constituents of a feedstuff. Widely used is Van Soest's 
detergent analysis system (Van Soest, 1967), which quantifies the plant 
cell wall components of hemicellulose, cellulose, and lignin. 
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Fiber digestibility and utilization is commonly recognized to be 
higher in ruminants than swine, but the ability of swine to utilize fiber 
has been somewhat underestimated (Pond and Kass, 1977). Thorough reviews 
of fiber digestion and absorption in hindgut of swine are presented by 
Rerat (1978), Low (1982), and Varel (1987). Pond (1981, 1987) explored 
and summarized the potential utilization of fibrous feeds in swine 
production. Collectively, these reviews, although extensive, confirm that 
fiber digestion in swine is significant, complex, and as yet, only 
partially understood. Certainly there has been growing research interest 
in this area in recent years, which no doubt will further elucidate the 
subject. 
Generally, microbial fiber degradation in the pig's cecum and colon 
• generates volatile fatty acids (VFA), which may provide up to 30% of the 
energy requirements for growing pigs (Varel, 1987). For sows this figure 
may be much higher because sows fed 96 to 100% alfalfa meal maintained 
normal reproductive performance (Danielson and Noonan, 1975; Pollmann et 
al., 1981; Calvert et al., 1985). 
Source of fiber and fiber concentration in the diet has significant 
effects on its digestibility by swine (Cole, 1974; Keys and DeBarthe, 
1974; Stanogias and Pearce, 1985). For example, hemicellulose digestion 
increased with increasing dietary levels of corn hulls, whereas 
hemicellulose digestion decreased with increasing dietary levels of oat 
hulls. King and Taverner (1975) observed that NDF was slightly superior 
to both ADF and crude fiber in predicting the energy content of feed for 
pigs. Factors such as age, body weight, and level of feeding also 
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influence fiber digestibility. Gargallo and Zimmerman (1981) reported 
that pigs fed wood cellulose were able to adapt to 18% cellulose diets, 
which they attributed to hindgut distension, slower rate of passage, and, 
thus, greater microbial fermentation. 
Bayley et al. (1971) reported that CGF crude fiber was 51% digested in 
pigs fed a 50% CGF diet containing 5.9% crude fiber. 
The fiber content of a feedstuff can impact the digestibilities of 
other nutrients in the feedstuff. Kennelly and Aherne (1980) demonstrated 
that variations in the nitrogen level and energy content of diets with 
similar crude fiber content were associated with variations in fiber 
digestibility. Thus, swine fiber digestion is complex and not identical 
for all fiber sources or types. Furthermore, fiber type can, to varying 
degrees, affect the digestibility of the feedstuff, the energy value of 
the feedstuff, and the protein (amino acid) digestibility of the 
feedstuff. 
The research discussed in this thesis was designed to evaluate the 
feeding value of corn gluten feed for gestating sows. An extensive long-
term study was conducted to test the effects of high percentage CGF diets 
on the reproductive performance of gestating sows. The study also 
estimated the energy value of CGF when used at high levels in the diet for 
gestating sows with sow weight changes as the criterion for evaluation. 
Additional intensive studies were conducted to evaluate CGF energy, 
lysine, and tryptophan utilization by multiparous gestating sows. 
Statistical analyses of the data are presented in the Appendix. 
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SECTION I. 
LONG-TERM EFFECTS OF CORN GLUTEN FEED 
ON THE REPRODUCTIVE PERFORMANCE AND WEIGHT OF GESTATING SOWS 
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ABSTRACT 
Corn gluten feed (CGF) was evaluated as the primary energy and protein 
source for gestating sows. Eighty gravid multiparous Yorkshire x Landrace 
sows were randomly assigned to three treatment groups for the entire 
three-parity trial. The gestation treatment diets were: (1) corn-soybean 
meal fed at 1.8 kg"d"^ (control), (2) CGF plus soybean meal fed at 2.3 
kg'd"^ (low-CGF), and (3) CGF plus soybean meal fed at 2.6 kg'd"^ (high-
CGF). The CGF diets contained 92.2% and 93.7% CGF, respectively. Feeding 
levels of diets 2 and 3 were based on the assumption that CGF had 80% and 
70% the energy value of corn, respectively. The sows were fed a corn-
soybean meal diet ad libitum during lactation and at 3.2 kg'd"^ during 
breeding. Intakes of gestation treatment diets were increased 25% during 
winter months. Reproductive performance was excellent for the sows fed 
CGF with no statistically significant differences in the number of pigs at 
birth 7, 14, and 21 d (weaning). Total number of live pigs at parturition 
and 21 d for the three parities were: (control) 668, 505; (low CGF) 695, 
523; and (high CGF) 696, 528, respectively. Pigs from CGF-fed sows were 
smaller at birth (P<.05), but subsequent pig weights did not differ. Mean 
pig birth and 21 d weights for the three parties were: (control) 1.44, 
5.18; (low-CGF) 1.30, 4.84; (high-CGF) 1.31, 5.01 kg, respectively. Low 
CGF sows weighed less (P<.10) at d 109 of gestation than the control and 
high CGF fed sows, which did not differ in weight. For the third parity, 
the low CGF fed sows weighed less than the other sows at breeding (P<.10), 
at d 109 of gestation (P<.01), after farrowing (P<.05), and at the 
subsequent final breeding (P<.01). On the basis of the sow weight data. 
27 
CGF is equal to about 70% the energy value of corn for gestatlng sows. 
CGF can meet the energy and some of the amino acid requirements of 
gestating sows and be effectively utilized at high (>90%) levels in 
gestating swine diets. 
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INTRODUCTION 
Increased use of corn sweeteners by beverage and processed food 
manufacturers has led to a broad expansion in the U.S. wet-corn milling 
industry. A principal coproduct of this process is corn gluten feed 
(CGF). U.S. production of CGF has tripled since 1971, with the 1985-1986 
production at 3.82 million metric tons (USDA, 1986). 
Corn gluten feed is a medium-protein fibrous feedstuff containing 
relatively high levels of hemicellulose and low levels of cellulose and 
lignin. 
Pond (1981) suggested that feeding fibrous feeds to sows could be 
greatly increased. Reproductive performance of sows has been maintained 
or improved by feeding high levels of fibrous feeds, specifically alfalfa 
(Danielson and Noonan, 1975; Cuaron et al., 1979; Pollmann et al., 1981; 
Calvert et al., 1985), alfalfa-orchardgrass hay (Holzgraefe et al., 1986), 
alfalfa haylage (Hagen et al., 1987), sunflower hulls (Carter et al., 
1987), soybean hulls (Kornegay, 1981), distillers dried grains with 
solubles (Thong et al., 1977), corn and cob meal, dried beet pulp, and 
wheat middlings (Zikovic and Bowland, 1970). Few reports of CGF feeding 
to gestating sows exist. 
The study reported here was conducted to evaluate CGF as the principal 
(greater than 90%) dietary ingredient and to estimate the energy value of 
CGF for gestating sows. Reproductive performance and sow weights for 
three consecutive reproductive cycles were the response criteria used in 
evaluation of CGF. 
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EXPERIMENTAL PROCEDURE 
Eighty multiparous Yorkshire x Landrace sows were randomly assigned 
immediately after breeding to three gestation treatment groups, balanced 
by parity. At the beginning of the trial, the sows ranged from 1 to 8 
parities. The sows were maintained on the gestation treatment diets for 
three reproductive cycles. The three gestation treatment diets were: (1) 
corn and soybean meal control fed at 1.8 kg*d"\ (2) CGF and soybean meal 
fed at 2.3 kg'd"^ and (3) CGF and soybean meal fed at 2.6 kg'd"^ (Table 1). 
In diets 2 and 3 the CGF was assumed to have 80% and 70% the net energy of 
corn, respectively (Table 2). These differences in energy concentration 
are reflected by the various daily feeding amounts (Table 3). Soybean 
meal was added to the CGF diets at levels to supply equal daily intakes of 
available lysine and tryptophan by all sows, with an assumption of 50% 
biological availability of lysine and tryptophan in CGF (Table 3). 
Calcium carbonate and dicalcium phosphate were added to the CGF diets to 
supply 30% of the sow's phosphorus requirement (NRC, 1979) from inorganic 
sources and to maintain at least a 1:1 ratio of calcium to phosphorus. 
During gestation, the sows were housed in open-front sheds with free 
access to dirt exercise pens, and they were fed daily in individual 
feeding stalls. Amounts fed were increased by 25% on November 1 and 
maintained at that level for five winter months until April 1. Sows were 
hand-mated a minimum of two services using Duroc x Hampshire boars. Sows 
were allowed the equivalent of two complete estrous cycles to demonstrate 
estrus before being removed from the experiment. During the breeding 
period, sows received 3.2 kg'd"^ of a corn-soybean meal diet containing 110 
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mg chlortetracycline, 110 mg sulfamethazine, and 55 mg penicillin/kg of 
diets. 
On d 109 of gestation, the gravid sows were moved to farrowing crates. 
The crates were .6 m x 2.1 m, with a .5 m x 2.1 m creep area on each side 
of the crate for the pigs. Floors were woven wire with a heat pad in one 
creep area. No creep feed was provided, but the pigs did have access to 
their dam's feed. Farrowing room temperature was maintained at a minimum 
of 18° C and increased with ambient temperatures during summer months. 
Water was provided ad libitum during gestation, breeding, and lactation. 
Sows received a corn-soybean meal diet ad libitum during lactation. 
Sows were weighed at breeding, prefarrowing (d 109 of gestation), 
postfarrowing (within 24 h of farrowing), and at weaning (21 d after 
farrowing). Sow lactation feed intake was recorded. Litter size and 
weights were recorded at farrowing and on d 7, d 14, and weaning (d 21). 
The occurrence and weight of stillborn pigs and dead pigs was also 
recorded. 
Sows were maintained on the same gestation treatment diet for three 
parities, unless removed from the experiment. The dietary treatments were 
initiated within 3 d after breeding and until d 109 of gestation. 
The experimental data were analyzed as a completely randomized design. 
Response criteria for sow and litter performance collected from the same 
animals for three reproductive cycles were analyzed by using the General 
Linear Model procedure (SAS, 1985). Data are presented by using least 
squares means. Treatment effects were tested for all measurements. 
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RESULTS AND DISCUSSION 
Litter Performance 
The effects of feeding CGF on litter performance are summarized in 
Tables 4 and 5. A total of 193 litters were farrowed of a possible 240 
litters. Corn gluten feed did not affect the total number of pigs 
farrowed, the number of live pigs farrowed, and the number of pigs at 7, 
14, and 21 d (P>.10). Survival rate of the pigs did not differ between 
dietary groups. There was a tendency for CGF-fed sows to have more pigs 
at farrowing and at weaning compared with those fed the control diet. 
Interpretation of treatment means for three parities showed that there 
were slightly more pigs from CGF sows than from control sows at each 
measured interval. The differences resulted in 27 and 28 more pigs at 
birth and 18 and 23 more pigs at weaning per CGF dietary group than the 
control group even though fewer of the CGF-fed sows completed the three-
parity cycle (Table 4), but the differences were not significant. This 
trend toward larger litters is consistent with other reports of feeding 
fibrous feeds to gestating sows or gilts, specifically alfalfa (Seerley 
and Wahlstrom, 1965; Danielson and Noonan, 1975; Pollmann et al., 1981; 
Carter et al., 1987), alfalfa haylage (Hagen et al., 1987), and sunflower 
hulls (Carter et al., 1987). 
Corn gluten feed did not affect litter weights at birth, 7, 14, or 21 
d (P>.10). The CGF-fed sows tended to have heavier litters than those of 
the sows fed the control diet (Table 5). This trend was consistent with 
the tendency for the CGF-fed sows to have more pigs per litter. Pigs from 
sows fed CGF were smaller at birth (P<.05), but subsequent weights were 
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not significantly different (Table 6). The pigs from low-CGF sows tended 
to be smaller at birth and at all subsequent intervals. 
Adjustment of Litter Performance for Sow Parity 
Live pigs farrowed and 21 d litter weight measurements were adjusted 
for sow parity (Hubbard, 1981) because the sows ranged from one to eight 
parities at allotment. Adjusted treatment means across three parities 
were 10.4, 11.5, and 11.1 pigs farrowed per litter for the control, low-
CGF, and high-CGF groups, respectively. These means, adjusted for sow 
parity, were each slightly less than the least squares means shown in 
Table 4; however, the adjusted means have the same relative value. 
Similarly, the adjusted treatment means across three parities were 39.7, 
41.7, and 41.3 kg per litter (21 d) for the control, low-CGF, and high-CGF 
groups, respectively. These means adjusted for individual sow parity were 
each slightly greater than the least squares means shown in Table 5, but 
the adjusted means have the same relative values. The lack of change of 
these values after adjustment for individual sow parity indicated that the 
effects of individual sow parity on litter performance criteria were 
balanced across treatment groups. The consistent decrease in the adjusted 
number of pigs born per litter indicated that the sows used in this trial 
were slightly older and more prolific than normal. However, the 
consistent increase in adjusted 21-d litter weight probably was a result 
of a lower than normal survival rate for pigs from birth to d 21. 
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Maternal Weights 
Because sows have the ability to draw on body reserves during brief 
periods of nutritional deficiencies, this study encompassed three 
reproductive cycles to determine the long-term effects of the treatment 
diets. The effects of CGF on sow weights are shown in Table 7. 
In parity 1, there were no significant differences between sow 
weights, even though the high-CGF sows were slightly heavier at allotment. 
As the first parity progressed, a trend developed in which the sows fed 
the low-CGF diet weighed less than the sows in the other two dietary 
groups. During parity 2, the sows fed the low-CGF diet weighed less 
(P<.05) than the sows on the other treatments at d 109 gestation and 
postfarrowing. Similarly, in parity 3, the low-CGF sows weighed less at 
breeding (P<.10), prefarrowing (P<.01), and postfarrowing (P<.05). At the 
final breeding weight, the low-CGF sows weighed less (P<.05) than the 
other sow groups. 
Interpretation of the treatment means for three parities showed that 
the sows fed the lower level of CGF consistently weighed less than the 
sows on the other two diets. This trend intensified the longer the sows 
were fed the treatment diets. The control sow weights and the high-CGF 
sow weights did not differ (P>.10). The prefarrowing mean weight for 
three parities was less (P<.10) for the low-CGF fed sows than the other 
two dietary groups. The prefarrowing weight was taken at the end of 
gestation after approximately 100 d on the treatment diets. 
The energy value of fibrous feeds for gestating sows has been reported 
to be higher than expected from trials using growing pigs, e.g., alfalfa 
(Boyd et al., 1976; Pollmann et al., 1979), soybean hulls (Bray et al., 
1987), corn and cob meal and dried beet pulp (Zikovlc and Bowland, 1970). 
On the basis of the sow weight data and the energy concentration 
assumptions of this trial, the CGF seems to have approximately 70% of the 
energy value of com when fed at high levels to gestating sows. This 
value is somewhat lower than the 2770 kcal ME/kg reported by Yen et al. 
(1974), Young et al. (1977), and Just et al. (1983), 
Lactation Feed Intake 
Lactation feed intake was greater (P<.05) in the first parity for the 
sows fed the low-CGF diet during gestation (Table 7). For the subsequent 
two parities and the overall meap for three parities, the lactation feed 
intake did not differ (P>.10). However, sows fed the low-CGF gestation 
diet tended to have larger feed intakes. The slightly greater lactation 
feed intake by low-CGF sows may have been a response to compensate for 
smaller gestation energy intake or for increased lactation demands of 
slightly larger litters (Table 4). 
Days to Breeding 
The mean number of days from weaning until breeding for all the sows 
on the trial was 6.0 d. The least square means were 4.9, 5.7, and 8.0 d 
for the control, low-CGF, and high-CGF treatment groups across all 
parities, respectively. The sows fed CGF had a longer mean period to 
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breeding (P<.05), particularly the high-CGF treatment group. This trend 
was consistent throughout the three-parity study. The longer period until 
breeding for CGF-fed sows is difficult to explain. The data tended to be 
incremental based on the length of the sow estrous cycle. Therefore, if a 
few sows did not exhibit estrus within a few days of weaning, then usually 
several weeks passed until estrus. The mean number of days to breeding 
for all treatments was within standard production expectations. In 
addition, the data were highly variable, with the coefficient of variation 
for this parameter ranging from 44.0 to 99.6%. 
Removal of Sows from Experiment 
Sows were removed from the experiment for a variety of reasons. Sow 
maladies included lameness, abortion, rectal prolapse, reproductive 
problems, and death. The individual sow situation was frequently 
exacerbated by the sow age, open-front group sow housing, weather 
extremes, and sow accidents. A review of reasons for removal of sows from 
the experiment revealed no trends by treatment group or parity. 
Observations 
For some individual sows, an adaptation period of up to 7 d was 
required when first switching from a corn-soybean meal diet to the CGF 
diets. This adaptation period varied between individuals and was only 
observed when the sows were switched initially to CGF and not for any 
subsequent switches. The sows readily consumed the com-soybean meal 
lactation diet after extended periods of feeding CGF. 
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After 3 d of feeding CGF, the sows' feces became moist, soft, and dark 
brown. This response probably was due to the high fiber and protein 
content, and dark color of CGF. 
Pelleted CGF was used in this study. The pellets were of fair quality 
with considerable fines present. Handling was difficult, particularly 
when the CGF bridged in overhead bins. For this trial, the CGF pellets 
and fines were mixed with the other diet ingredients. Some separation of 
the mix was observed. However, in other studies when the pelleted CGF was 
ground, it was dusty, and handling was extremely difficult. 
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SUMMARY 
In other work with feeding CGF to gestating sows, multiparous 
gestating sows fed an ensiled 50:50 mixture of corn and wet CGF (about 40% 
DM) had similar litter performance and decreased lactation weight loss 
compared with sows fed a conventional corn-soybean meal diet on an equal 
metabolizable energy basis (Kent et al., 1986). Jones and Easter (1987) 
reported no differences in sow weight changes, lactation feed intake, 
litter performance, milk fat or protein content, backfat change, and 
return to estrus between sows fed a diet containing 56% CGF and 
supplemental tryptophan and sows fed a corn-soybean meal diet. 
Conclusions 
In summary, when CGF was Included at high levels in gestation diets 
and fed to the same multiparous sows for three reproductive cycles, there 
was: (1) no effect on the total number of pigs farrowed per litter, (2) 
no effect on the number of live pigs farrowed per litter, (3) no effect on 
the number of pigs weaned (21 d) per litter, (4) no effect on litter birth 
weight, (5) no effect on 21-d litter weaning weight, and (6) no effect on 
the sow's 21-d lactation feed intake. Reproductive performance of the 
sows fed CGF was excellent over the three-parity trial. When the CGF 
substitution rate for corn in gestation diets was based on CGF equal to 
70% the energy value of corn, there was no effect on sow weights during 
gestation, breeding, farrowing, or lactation when fed for three 
reproductive cycles. 
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IMPLICATIONS 
On the basis of these observations, CGF can meet all the energy and 
some of the amino acid requirements for gestatlng sows. Additionally, CGF 
has an energy value of about 70% that of corn for gestatlng sows, and CGF 
can be fed at very high concentrations In the diet, greater than 90%, to 
gestatlng sows for several reproductive cycles with no negative effects. 
Clearly, CGF can be added to the list of potential feedstuffs suitable as 
a principal dietary Ingredient for gestatlng sows. 
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Table 1. Composition of treatment diets 
Ingredient Control Low CGF High CGF 
(») 
Corn, yellow 87.20 
Corn gluten feed 92.20 93.70 
Soybean meal (dehulled) 9.20 5.00 3.60 
Calcium carbonate .95 .95 .95 
Dicalcium phosphate 1.60 .80 .70 
Salt, iodized .50 .50 .50 
Vitamin premix^ .50 .50 .50 
Trace mineral premix^ .05 ,05 .05 
Total 100.00 100.00 100.00 
^Supplied per kilogram diet: Vitamin A 2200 lU, vitamin Dg 550 lU, 
riboflavin 3.3 mg, niacin 16.5 mg, pantothenic acid 8.8 mg, vitamin H 
ug. 
^Supplied in mg/kg of diet: Zn, 100; Fe, 50; Mn, 27.5; Cu, 5; I, 
.75. 
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Table 2. Calculated analyses of treatment diets 
Ingredient Control Low CGF High CGF 
Calculated composition 
CP, % 12.0 20.8* 20.4® 
ME, kcal/kg 3220.0 2387.0 2347.0 
NE, kcal/kg^ 2454.0 2000.0^ 1761.0^ 
Ca, % .75 .92 .89 
P, % .60 .92 .90 
LYS, % .50 .45® .41® 
TRP, % .10 .08® .07® 
lalyzed composition 
DM 86.9 86.0 85.8 
CP, % 11.3 19.4 19.0 
EE, % 3.4 5.7 5.5 
NDF, % 9.6 35.1 32.9 
ADF, % 2.8 12.8 12.9 
Hemicellulose, % 6.8 22.3 20.0 
Ash, % 4.0 8.6 8.3 
^Assumes 20% crude protein in CGF. 
^Assumes NE values kcal/kg: 2564 corn; 2181 soybean meal (R. Ewan, 
Iowa State University, unpublished data, 1981. 
^Assumes 2051 kcal/kg in CGF or 80% of corn NE, 
'^Assumes 1795 kcal/kg in CGF or 70% of corn NE. 
^Assumes 50% amino acid availability in CGF. 
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Table 3. Gestatlng sow daily intake^ 
• 
Control Low CGF High CGF Requirement^ 
Feed intake, g 1800 2300 2600 1800 
ME, kcal 5796 5490 6172 5760 
NE, kcal 4417 4600= 4579^ 
CP, g 216 478 532 216 
LYS, g 9.0 10.1® 10.7® 7.7 
TRP, g 1.8 1.6® 1.8® 1.6 
Ca, g 13.5 21.2 23.1 13.5 
P. g 10.8 21.2 23.4 10.8 
^Based on calculated analyses in Table 2. 
^NRC, 1979. 
Q 
Assumes CGF NE value 80% of corn. 
^Assumes CGF NE value 70% of corn. 
^Assumes 50% amino acid availability in CGF. 
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Table 4. Effect of corn gluten feed fed during gestation on number of 
pigs per litter by parity 
Litter performance Control^ Low CGF^ High CGF^ CV, % 
Parity 1 
Litters born 24 24 25 
Total born 10.08 10.96 10.64 27.8 
Live born 9.33 10.54 10.16 28.2 
Pigs at d 7 8.08 8.75 9.08 27.5 
Pigs at d 14 7.54 8.17 8.52 30.3 
Pigs at d 21 , 7.42 8.13 8.48 30.8 
Total born/treatment 224 253 254 
Survival, % ^ 80 77 83 
Total weaned/treatment 178 195 212 
arity 2 
Litters born 21 21 23 
Total born 10.99 11 .86 11, .86 26 .9 
Live born 10.14 11, .30 11, 25 26 .6 
Pigs at d 7 8.52 9. ,23 8. ,51 27 .7 
Pigs at d 14 7.83 8. ,64 7. ,87 28 .8 
Pigs at d 21 7.75 8. 46 7. 78 29 .1 
Total born/treatment 213 237 259 
Survival, % 76 75 69 
Total weaned/treatment 163 178 179 
arity 3 
Litters born 21 17 17 
Total born 11.23 12. 85 11. 60 25. 1 
Live born 11.00 12. 04 10. 79 27. 1 
Pigs at d 7 8.46 9. 11 8. 30 29. 6 
Pigs at d 14 7.97 9. 00 8. 11 31.4 
Pigs at d 21 7.80 8. 73 8. 13 30. 9 
Total born/treatment 231 205 183 
Survival, % 71 73 75 
Total weaned/treatment 164 148 138 
^CGF-corn gluten feed; control-corn-soybean meal based diet. 
^Total pigs per treatment calculated from least squares means. 
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Table 4. Continued 
Litter performance Control Low CGF High CGF CV, % 
Three parities^ 
Litters born 66 62 65^ 
Total born 10.77 11 .89 11.37 26.2 
Live born 10.16 11 .30 10.73 27.0 
Pigs at d 7 8.35 9 .03 8.63 28.2 
Pigs at d 14 7.78 8 .60 8.16 31.2 
Pigs at d 21 7.65 8 .44 8.13 31.1 
Total born/treatment 668 695 696 
Survival, % 75 75 76 
Total weaned/treatment 505 523 528 
^Treatment least squares means for three parities. 
^Total litters per treatment. 
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Table 5. Effect of corn gluten feed fed during gestation on litter weight 
by parity 
Item Control* Low CGF* High CGF CV, % 
Litter weights, kg 
Parity 1 
Birth 13.3 14.4 14.1 23.6 
7-d 20.1 20.6 22.0 24.0 
14-d 28.3 29.2 30.3 29.5 
21-d 37.5 40.0 40.6 27.6 
Parity 2 
Birth 13.8 14.5 13.9 22.0 
7-d 20.5 21.1 19.3 25.5 
14-d 28.5 29.1 27.7 28.1 
21-d 38.7 39.3 38.3 26.8 
Parity 3 
Birth 14.6 14.4 13.2 25.5 
7-d 19.3 20.5 19.4 27.9 
14-d 28.2 30.8 29.2 28.1 
21-d 38.4 41.4 40.0 26.4 
Three parities^ 
Birth 13.9 14.4 13.7 22.0 
7-d 20.0 20.8 20.2 26.7 
14-d 28.3 29.7 29.0 30.4 
21-d 38.2 40.2 39.6 28.3 
®CGF-corn gluten feed; control-corn-soybean meal based diet. 
^Treatment least squares means for three parities. 
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Table 6. Effect of corn gluten feed fed during gestation on pig weight 
by parity 
Item Control^ Low CGF^ High CGF CV, % 
Pig weights, kg 
Parity 1 
Birthb 1.54 1.39 1.42 16.9 
7-d 2.66 2.42 2.47 21.1 
14-d 3.93 3.67 3.57 22.4 
21-d 5.34 5.11 4.85 21.8 
Parity 2 
Birth 1.43 1.31 1.26 17.7 
7-d 2.49 2.30 2.32 18.3 
14-d 3.75 3.39 3.35 21.5 
21-d 5.18 4.66 5.03 21.7 
Parity 3 
Birth 1.36 1.21 1.26 15.0 
7-d 2.32 2.25 2.39 13.0 
14-d 3.53 3.42 3.84 17.8 
21-d 5.02 4.75 5.14 13.7 
Three parities^ 
Birthd 1.44 1.30 1.31 15.0 
7-d 2.49 2.32 2.39 17.2 
14-d 3.74 3.49 3.66 19.2 
21-d 5.18 4.84 5.01 17.1 
^CGF-corn gluten feed; control-corn-soybean mean based diet. 
^Treatment effect, P<,10. 
^Treatment least squares means for three parities. 
'^Treatment effect, P<.05. 
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Table 7. Effect of corn gluten feed fed during gestation on sow weight 
and lactation feed Intake 
Item Control^ Low CGF^ High CGF CV. % 
Kg -
Parity 1 
Breeding ^ 157 157 163 11.2 
Prefarrow 191 184 192 9.7 
Postfarrow 182 172 177 10.7 
WeaningC 178 174 179 10.9 
Feed intake 93 110 101 16.6 
Parity 2 
Breeding 163 155 163 10.4 
Prefarrow 201 189 203 8.9 
Postfarrow 192 178 191 9.6 
Weaning 195 184 199 10.3 
Feed Intake 130 132 135 13.4 
Parity 3 
Breeding 177 165 176 10.2 
Prefarrow 199 186 205 8.3 
Postfarrow 187 172 190 10.1 
Weaning 194 184 200 10.9 
Final breeding® 178 163 177 9.0 
Feed Intake 133 136 126 12.9 
Three parities^ 
Breeding® 169 160 170 6.4 
Prefarrow 197 186 200 5.5 
Postfarrow 187 174 186 6.1 
Weaning 189 181 192 6.3 
Feed intake 118 126 121 11.8 
^CGF-corn gluten feed, control-corn-soybean meal diet. 
^Prefarrowing wt-109 d of gestation wt. 
leaning wt-21 d after farrowing wt. 
^Lactation feed intake-total corn-soybean meal diet consumed in 21-d 
lactation. 
0 
Final breeding wt-sow wt at breeding after third parity. 
f 
Treatment least squares means for three parities. 
^Includes final breeding wt in least squares means. 
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ABSTRACT 
The metabolizable energy (ME) and digestible energy (DE) of corn 
gluten feed (CGF) and apparent digestibility coefficients (ADC) of its 
components were determined for gestating sows. Seven multiparous 
Yorkshire X Landrace sows at d 60-75 gestation were placed in metabolism 
stalls. After a 14-d adjustment period, total collections were made for 7 
d of feces and urine using bladder catheters. The diet was 97% CGF fed at 
2.6 kg'd'^. Determined CGF energy values were: 3552 kcal DE/kg, (12.5 
CV), 3308 kcal ME/kg, (16.9 CV), and 3244 kcal ME^/kg (14.6 CV). The sows 
retained 17.2 g'd'^ N (22 SEM). CGF ADCs were: N, 72.3%, (27 SEM); EE, 
35.4% (29 SEM); NDF, 51.6% (22 SEM); ADF, 47.4% (21 SEM); lignin, 45.3% 
(39 SEM); cellulose, 54.3% (16 SEM); and hemicellulose, 51% (26 SEM). The 
energy values were 12% to 22% greater than the published CGF energy values 
for swine, probably because of the sow's greater ability to utilize fiber 
compared with growing pigs. The data have implications when sow diets are 
formulated using CGF. However, because of the fibrous properties of CGF, 
the net energy of CGF is considerably lower than the determined DE and ME 
values and needs to be determined for exact CGF diet formulation. 
Key words: Corn Gluten Feed, Energy Value, Gestating Sows, Fibrous 
Feedstuffs, Digestibility. 
52 
INTRODUCTION 
Fibrous feedstuffs have been fed successfully as primary components of 
gestating sow diets, e.g., com and cob meal, dried beet pulp, and wheat 
middlings (Zikovic and Rowland, 1970), alfalfa (Danielson and Noonan, 
1975; Cuaron et al., 1979; Pollmann et al., 1981; Calvert et al., 1985), 
alfalfa-orchardgrass hay (Holzgraefe et al., 1986), sunflower hulls 
(Carter et al., 1987), and soybean hulls (Kornegay, 1981). The gestating 
mature sow has the ability to utilize fibrous feeds because of a larger 
digestive tract capacity, particularly the hindgut, and lower nutrient 
requirements compared with the lactating sow or the growing pig. Pond 
(1981) suggested that feeding fibrous feeds to sows could be greatly 
increased. 
The published energy values of a fibrous feedstuffs for swine have 
usually been determined with young growing pigs, rather than with sows 
that have digestive characteristics that likely allow for more thorough 
utilization. Corn gluten feed (CGF), the fibrous coproduct of the corn-
wet milling industry, consists of corn bran, corn germ, and steep liquor. 
CGF has been used as a primary ingredient of gestation sow diets with 
success (Kent et al., 1986; Jones and Easter, 1987; Honeyman and 
Zimmerman, 1988). The energy value of CGF for swine published by NRC 
(1988) is 2695 kcal/kg ME. Yen et al. (1974) determined the energy value 
of CGF using 17 kg pigs to be 2770 kcal ME/kg (DM). Later work by Young 
et al. (1977) confirmed this value using 12 to 60 kg barrows. Bailey 
(1985) reported a linear decrease in NDF and hemicellulose 
digestibilities, and a quadratic decrease in ADF, lignin and cellulose 
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digestibilities as CGF level increased to 30% in diets of 6 kg pigs, which 
was attributed to increased rate of passage. Previous work by the authors 
(Honeyman and Zimmerman, 1988) suggests that the net energy value of CGF 
when fed to gestating sows for long periods (100 d) at high levels (> 90% 
of diet) is about 70% the net energy value of corn. 
Accurate CGF energy values are critical for efficient swine 
production, if CGF is to be used in sow diets. Therefore, a trial was 
conducted to determine the metabolizable energy value of CGF for gestating 
sows. 
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EXPERIMENTAL PROCEDURE 
The experiment was designed to determine the digestible and 
metabollzable energy values of CGF from a high-CGF diet (97% CGF) (Table 
1). The high-CGF diets had been used successfully in gestation periods 
over three parities in previous work (Honeyman and Zimmerman, 1988). 
Seven multiparous Landrace X Yorkshire gestating sows averaging 181 kg 
were placed in metabolism stalls at d 60 to 75 of gestation and were fed 
2.6 kg of the treatment diet (Table 1) for a 14-d adjustment period. The 
daily amount was estimated by earlier work to be approximately equal to 
6100 kcal ME--the daily energy requirement (ME) for gestating sows (NRC, 
1988), The daily feed allotment was fed in one feeding at 0800 h. Water 
was mixed with the feed to form a wet mash. Water was also provided ad 
libitum. 
Total urinary collections were made using Foley urinary catheters for 
the last 7 d of the 21 d trial. Urine was collected in a 20 liter carboy 
containing 40 ml of 1.0 N HCl. Total fecal collections were made for the 
same 7 d period. Urine and feces were sampled daily at .5% and 10% (wet 
weight), respectively, and frozen for later processing. Fecal samples 
were then air dried and ground through a 1 mm screen. Fecal, feed, and 
urinary samples were analyzed for N using micro Kjeldahl procedure (AGAC, 
1975). Gross energy of feed, fecal, and urine samples were determined 
using an adiabatic bomb calorimeter (Parr Instrument Co., 1975). For 
urinary energy determination, the urine specific gravity was determined by 
refractometer to estimate total solids. Cellulose was added to a urine 
aliquot of known solids content. Urine and cellulose were mixed, adjusted 
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to a pH of 3 and lypholyzed. Feed and fecal samples were analyzed for 
ether extract (Goldfisch) and fiber components (Van Soest, 1963; Van Soest 
and Wine, 1967; Goering and Van Soest, 1970). 
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RESULTS AND DISCUSSION 
Summaries of the energy and N metabolism of the sows are shown in 
Tables 2 and 3, respectively. Considering that the seven sows received 
identical diets and allotments of feed, the variation of the results is 
greater than expected. Nevertheless, some important conclusions can be 
drawn. 
The CGF energy values (Table 2) are generally higher than expected but 
lower than those found by Ewan (unpublished data) of 3785 kcal/kg using a 
CGF with considerably more fat. The 3552 kcal DE/kg and 3308 kcal ME/kg 
values for CGF are 12.6 and 22.7% greater than the NRC (1988) values 
reported for CGF. Furthermore, the energy values determined in this study 
do not differ greatly from the NRC (1988) energy values for corn (3530 
kcal DE/kg and 3420 kcal ME/kg). NRC energy values are based largely on 
work using growing pigs. The higher values reported here are probably due 
to the mature sow's larger intestinal capacity and greater ability to 
utilize fibrous feedstuffs. Based on the 3552 kcal DE/kg value for CGF, 
1.9 kg of CGF would meet the 6.76 Meal energy requirement of a 182.5 kg 
gestating sow (NRC, 1988). However, the NE value of CGF is probably much 
lower than corn because of the fibrous nature of CGF. For example, the 
efficiency of ME utilization by growing pigs of a fibrous feedstuff like 
wheat middlings (27%) is much lower than for corn (69%) (Pals and Ewan, 
1978; DeGoey and Ewan, 1975). Earlier work by the authors suggested that 
CGF had about 70% the energy value of corn when fed at high levels (> 90%) 
in the sow's diet (Honeyman and Zimmerman, 1988). Work with young pigs at 
the Iowa Station (Ewan, unpublished data) valued CGF at 2044 kcal NE/kg 
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dry matter basis. Exact CGF NE values for sows need to be determined 
using calorlmetry or comparative slaughter techniques. 
The N balance summary (Table 3) indicates that adequate N (17.3 g'd"^) 
was retained by the sows. Speer (1989) reported that pregnant gilts 
should retain about 6 to 10 g'd'^ N when fed adequate diets. Biological 
value is low (29.5%) because of the high level of N (81.2 g) fed daily and 
the poor amino acid profile of CGF. 
The apparent digestibilities of the CGF N, EE, and fiber components 
are summarized in Table 4. Ether extract retention (35.4%) was low, 
perhaps because of unavailable lipid fractions in the CGF and because of 
adsorption to undigested fiber fractions. The fiber components were well 
utilized (e.g., 51.0%, hemlcellulose and 54.3% cellulose). The fiber In 
CGF has undergone the wet-corn milling process which probably aids fiber 
digestion by the sow. 
Reproductive performance of the seven sows used in the trial is shown 
in Table 5. Litter size and pig birth weight were within standard 
reproductive performance expectations. 
In conclusion, this study demonstrated that CGF has a value of 3552 
kcal DE/kg, 3308 kcal ME/kg, and 3244 kcal ME^kg for gestating sows. 
These values are much higher than those reported by NRG (1988) for CGF. 
Major questions remain about the NE value of CGF for gestating sows. The 
hemlcellulose and cellulose of CGF were 51% to 54% digestible, 
respectively, by the sow and probably contribute a major portion of the 
energy that the sow derives from CGF. 
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IMPLICATIONS 
From these data we can conclude that corn gluten feed can meet all the 
energy needs of gestatlng sows. This work suggests that previously 
reported CGF energy values for swine may not be appropriate for mature 
animals. Significant research needs to be done to determine the NE value 
of CGF for gestating sows. As basic information accumulates on CGF for 
sows, CGF can be used more effectively and priced more accurately by the 
swine feed industry. 
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Table 1. Diet composition (as-fed basis) and daily intake 
Daily 
Item Amount Unit intake 
Com gluten feed, % 97.084 
Calcium carbonate, % .950 
Dicalcium phosphate, % .700 
Iodized salt, % .500 
Vitamin mix, % .500 
Trace mineral mix, % .050 
LYS.HCl, % .170 
TRP, % .046 
100.000 
Analyzed composition 
Dry matter, % 
Gross energy, kcal/kg 
Crude protein, % 
Ether extract, % 
Ash, % 
NDF, % 
ADF, % 
Lignin, % 
Cellulose, % 
93.0 
4688.21 
19.52 
5.82 
9.26 
33.71 
12.31 
2.05 
8.11 
kcal 
g 
g 
g 
g 
g 
g 
g 
12,189.35 
81.19 
151.30 
240.69 
876.57 
320.14 
53.24 
210.85 
Calculated composition 
Calcium, % 
Phosphorus, % 
LYS, % 
TRP, % 
Hemicellulose, % 
.902 
.905 
.382 
.077 
21.400 
g 
g 
g 
g 
g 
23.45 
23.53 
9.93 
2 .00  
556.40 
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Table 2. Energy summary for gestating sows fed CGF^ 
Total 
daily Energy CGF 
energy Intake GV, energy 
(kcal) (kcal As) % (kcal/kg) 
Gross energy intake 12189 4688 4833 
Fecal energy output 3232 1243 34.6 
Digestible energy 8957 3445 12.5 3552 
Urine energy output 615 236 64.8 
Metabolizable energy 8342 3209 16.9 3308 
N correction^ 159 61 195.1 — -
Metabolizable energy 
corrected for N 8184 3148 14.6 3244 
%eans of seven sows. 
^Diet is 97% CGF and 3% non-energy components. 
'Hju and Ewan (1979). 7.83 kcal/g N correction of ME for each g N ± N 
equilibrium. 
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a 
Table 3. Nitrogen balance for sows fed CGF diets 
Mean SEM 
N intake, g/d 81.2 
Fecal N output, g/d 22.5 6 
Urinary N output, g/d 41.4 19 
N retained, g/d 17.3 22 
Apparent biological value, 29.5 
^Mean of seven sows. 
b 
Biological value - ((Intake - fecal output - urine output)/(Intake -
fecal output)) x 100. 
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Table 4. Nutrient retained and apparent digestibilities of corn gluten 
feed componentsB 
Item Retained, g SEM ADC, S EM 
N 17.2 22 72.3 27 
Ether extract 53.3 44 35.4 29 
NDF 452.1 196 51.6 22 
ADF 168.3 66 47.4 21 
Llgnin 24.1 21 45.3 39 
Cellulose 114.4 33 54.3 16 
Hemicellulose^ 283.8 - - 51.0 26 
Means of seven sows. 
^ ADC (apparent digestibility coefficient) - (Intake - fecal 
output)/Intake x 100. 
Hemicellulose derived by calculation; Hemicellulose - NDF - ADF. 
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Table 5. Reproductive performance^ 
Mean SE 
Number of sows 7 
Initial weight, kg 181, ,1 
Weight gain (25 d), kg 12, ,3 
Trial ADG, kg 49 1 .2 
Projected gain (kg/114 d) 55. 86 132 .2 
Pigs per litter 12, 14 6 .1 
Pig birth wt., kg 1. 11 .6 
Mean parity 5. 1 3 .0 
Mean of seven sows presented. 
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ABSTRACT 
Two trials, each with six multiparous sows in 6x6 Latin squares were 
used to determine the required LYS or TRP supplementation of diets based 
on corn gluten feed (CGF). By calculated analyses, the basal diets were 
deficient in either digestible LYS or TRP. Sows were placed in metabolism 
stalls at d 30 of gestation and were fed 2.6 kg'd'^ of 97% CGF diets for 7 
d before the 42-d trials. Total urine and fecal collections were made the 
last 3 d of each 7-d treatment period and blood samples were taken before 
and after the last treatment meal. Graded levels of supplemental amino 
acids in Trial 1 were 0, .55, 1.09, 1.65, 2.19, and 2.73 g'd"^ LYS and in 
Trial 2 were 0, .28, .59, .91, 1.19, and 1.50 g*d'^ TRP. In Trial 1, 
increasing LYS intakes caused trends (P<.10) for decreased daily urine 
urea N (quadratic) and fasting plasma urea N concentration (linear) and 
increased postprandial plasma LYS (quadratic). Retained N was highly 
variable. In Trial 2, increasing TRP intakes linearly increased fasting 
(P<.01) and postprandial (P<.0001) plasma TRP levels but did not influence 
urine or plasma urea N or N retention. The data suggest that CGF can meet 
or nearly meet the LYS and TRP needs of gestating sows and that current 
values underestimate the availability of LYS and TRP in CGF for sows. 
Key words: Corn gluten feed, gestation, sows, lysine, and tryptophan. 
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INTRODUCTION 
Corn gluten feed (CGF) can be used successfully as a major component 
of gestatlng sow diets (Kent et al., 1986; Jones and Easter, 1987; 
Honeyman and Zimmerman, 1988). Generally in these studies CGF has been 
substituted for corn and soybean meal on the basis of CP, total amino acid 
level, or estimates of the digestibility of certain amino acids, usually 
LYS and TRP. Work on the digestibility of CGF amino acids for gestating 
sows is nonexistent. However, some work exists that has quantified the 
digestibilities of CGF amino acids for young swine. From work by Yen and 
his co-workers (1971), it seemed that CGF TRP was poorly utilized by young 
swine. Knabe et al. (1986) and LaRue et al. (1987) reported ileal amino 
acid digestibility values for CGF. However, some problems with diet 
consumption were encountered. Furthermore, the pigs used were not mature 
gestating sows. The work indicated variable and low digestibilities of 
LYS, THR, ILE, and TRP (29 to 66%). Also noted were ileal N digestibility 
values 28% to 36% lower than fecal N digestibilities for the same CGF 
samples (Knabe et al., 1986). 
Jones and Easter (1987) supplemented a CGF-corn diet with .05% DL-TRP 
for one gestation and reported no differences in gestation weight gain, 
lactation weight change or feed intake, litter weights, milk protein or 
fat content, backfat changes, or return to estrus when compared with sows 
fed a conventional corn-soybean meal gestation diet. Honeyman and 
Zimmerman (1988) fed high-CGF diets (>90% of total diet) supplemented with 
soybean meal for three reproductive cycles and reported no difference in 
reproductive performance from sows fed a corn-soybean meal diet. 
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Therefore, two trials were conducted to measure the response to 
supplementation with crystalline LYS or TRP in CGF diets for gestating 
multiparous sows. Trials 1 and 2 were designed to determine the responses 
of LYS and TRP, respectively, using high CGF diets. 
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EXPERIMENTAL PROCEDURE 
The two 42-d experiments were designed to determine the responses to 
graded additions of the crystalline amino acids to a high-CGF gestation 
diet. In each trial, six multiparous Landrace X Yorkshire gestating sows 
averaging 165 kg were used in 6x6 balanced Latin square designs (Cochran 
and Cox, 1957). They were placed in metabolism stalls at d 30 of 
gestation and fed 2.6 kg of a high CGF diet supplemented with LYS and TRP 
for a 7-d adjustment period. The daily amount was determined by earlier 
experimentation to be approximately equal to 6100 kcal ME daily (Honeyman 
and Zimmerman, 1988), the requirement for gestating sows (NRG, 1988). The 
daily feed allotment was fed in two equal meals at 0800 and 1700 h. Water 
was mixed with each meal to form a wet mash. Water was also provided ad 
libitum. The treatment diets consisted of a basal CGF diet (Table 1) plus 
graded levels of crystalline amino acids of .252, .273, .294, .315, .336, 
and .357% LYS (Trial 1) and .031, .042, .054, .066, .077, and .089% TRP 
(Trial 2) (Table 2). Thus when feeding 2.6 kg per day of diet, the sows 
received 6.55, 7.10, 7.64, 8.20, 8.74, and 9.28 g of LYS daily and .81, 
1.09, 1.40, 1.72, 2.00, and 2.31 g of TRP daily for Trials 1 and 2, 
respectively (Tables 3 and 4). These values are based on 42% LYS 
digestibility (Knabe et al., 1986) and 32% TRP digestibility (LaRue et 
al., 1987) in CGF and 100% availability of crystalline amino acids. 
Chromic oxide was included in the diets as an indigestible marker. 
Total urinary collections using Foley bladder catheters were made for 
the last 3 d of each of the six, 7-d treatment periods. Urine was 
collected in a 20 liter carboy containing 40 ml of 1.0 N HCl. Blood 
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samples from the cranial vena cava were taken before feeding (fasting) and 
3 h after feeding (postprandial) on the last day of each period. Fecal 
grab samples were taken twice daily for the last 3 d of each period. 
Fecal, urine, and plasma samples were immediately frozen. Fecal samples 
were later air dried. Fecal and feed samples were ground through a 1 mm 
screen. The samples were analyzed for N using the micro-Kjeldahl 
procedure (AOAC, 1975). Chromic oxide content was determined 
spectrophotometrically after sample digestion in sulfuric and perchloric 
acid (Fenton and Fenton, 1979). Plasma and urine urea N were determined 
using a procedure by Marsh et al. (1965). Plasma samples were analyzed 
for TRP by the procedure by Lewis et al. (1976). Plasma LYS was 
determined by gas-liquid chromatography with the procedure of Harmut et 
al. (1978) and Rosell (1984). 
Statistical analyses were performed using the General Linear Model 
(SAS, 1985). 
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RESULTS AND DISCUSSION 
All sows readily consumed the treatment diets. Nitrogen balance, 
urine urea N (UUN), plasma urea N (PUN), and plasma amino acid levels were 
evaluated in each trial. 
Trial 1: Effects of adding graded levels of LYS to a CGF diet on 
gestation N metabolism are presented in Table 5. Nitrogen intake averaged 
76.2 g/d, which was more than double the 36.5 g/d N requirement for 
gestating sows (NRG, 1988). Retained N increased slightly (P<.10) as LYS 
increased in the diet (Table 4). In addition, fecal N decreased (P<.05) 
as gestation progressed. 
The responses of UUN, PUN, and plasma LYS to levels of dietary LYS are 
summarized in Table 6. UUN levels decreased linearly (P<.10) as dietary 
LYS levels increased. Fasting PUN levels followed a similar linear 
decrease (P<.10) as LYS levels increased. Postprandial plasma LYS levels 
increased quadratically (P<.10) to the increasing dietary LYS levels. 
Period effects were noted for UUN levels (P<.01), fasting PUN levels 
(P<.005), and postprandial PUN levels (P<.05), with metabolite levels 
decreasing as gestation progressed. 
Of particular note are the levels of plasma LYS throughout the trial. 
Woerman and Speer (1976), in work to determine the LYS requirement of 
gestating gilts, reported plasma LYS levels lower than the values reported 
in this trial. In addition, the 5.61 g"d'^ of retained N of sows on Diet 1 
is near the 6 to 10 g'd"^ retained N reported by Speer (1989) for pregnant 
gilts fed adequate diets. The retained N value for a growing gestating 
gilt would be somewhat higher than for a mature gestating sow. This 
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observation supports the conclusion that CGF needs no LYS supplementation 
for gestating sows. These observations, coupled with the lack of strong 
linear effects of supplemental LYS on the responses measured, suggest that 
the LYS requirement of the gestating sows was met or nearly met by the CGF 
diet without LYS supplementation (Diet 1) when the CGF diet is fed at a 
level of 2.6 kg/d. 
Therefore, if the LYS requirement was met by the unsupplemented basal 
diet, the digestibility of LYS from CGF would have been greater than that 
reported by Knabe et al. (1986) for young swine. If one assumes that the 
unsupplemented CGF diet (Diet 1) met the sow's LYS needs, the CGF LYS 
digestibility value would be 49% rather than the lower value reported by 
Knabe et al. (1986) using growing pigs. 
Trial 2: Effects of added TRP to CGF diets on gestation N metabolism 
are summarized in Table 6. Nitrogen intake averaged 81,9 g/d, more than 
2.2 times the calculated NRC (1988) requirement of 36.5 g/d N for 
gestating sows. Fecal N decreased linearly (P<.01) and quadratically 
(P<.03) as dietary TRP increased. Fecal N also decreased (P<.001) as 
gestation progressed. 
Responses of UUN, PUN, and plasma TRP to dietary TRP levels are 
presented in Table 8. No significant responses in UUN and PUN levels 
(P>.10) were noted. Fasting plasma TRP levels increased linearly (P<.01) 
and quadratically (P<.10) to increasing levels of dietary TRP. 
Postprandial plasma TRP increased linearly (P<.0001) to the increased 
dietary TRP levels. As gestation progressed, postprandial plasma TRP 
levels also increased (P<.10). 
Again, as in Trial 1, the plasma TRP levels were generally elevated 
when compared to values in the literature (Meisinger and Speer, 1979; 
Woerman and Speer, 1976) where gestating gilts were used to determine the 
TRP and LYS requirement. Plasma TRP levels reported by Meisinger and 
Speer (1979) ranged from .31 to 1.49 mg/dl, much lower than the Trial 2 
levels (Table 8). Furthermore, in the data reported by Meisinger and 
Speer (1979), the postprandial plasma TRP levels were initially lower than 
the fasting levels. Once the TRP requirement was met, the postprandial 
plasma TRP became elevated relative to the fasting levels. This situation 
occurred only for sows fed Diet 1, where no crystalline TRP was added to 
the CGF diet (Table 8). However, fasting and postprandial TRP mean values 
of sows fed Diet 1 were close (1.45 and 1.15 mg/dl) (Table 8). Again, 
the 7.18 g'd"^ retained N is within the range reported by Speer (1989) and 
is similar to the value represented by Dunn and Speer (1988) for gestating 
gilts fed adequate N diets. Therefore, these observations, and the lack 
of confirming evidence in the other effects measured, suggest that the TRP 
requirement of the gestating sows was met by the CGF diet without TRP 
supplementation (Diet 1). 
Therefore, the digestibility of TRP in CGF for swine of 32% reported 
by LaRue et al. (1987) is probably low for mature gestating sows. 
Assuming that the unsupplemented CGF diet (Diet 1) met the sow's TRP 
needs, the TRP digestibility of CGF would be about 46% digestibile, 
considerably greater than the value for growing pigs reported by LaRue et 
al. (1987). 
A summary of the reproductive performance of the sows in both trials 
is presented in Table 9. No statistical conclusion can be made from the 
data because of the small number of sows in the studies. Nevertheless, 
all the sows performed well within normal reproductive expectations, which 
generally supports the earlier conclusions. Weight gain, litter size, and 
pig birth weight for these sows were satisfactory in all cases. 
When all effects are considered, it seems that CGF (2.6 kg/d) can meet 
or nearly meet the amino acid needs of gestating swine. Therefore, the 
reported values of LYS and TRP digestibility for CGF (Knabe et al., 1986; 
LaRue et al., 1987) underestimate their digestibility for sows. The data 
suggest that LYS and TRP digestibilities for sows are at least 49% and 
43%, respectively. Further research, perhaps with ileo-cannulated sows, 
is needed to directly determine these values. 
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IMPLICATIONS 
Based on this work, little or no amino acid supplementation of CGF is 
needed for gestating sows when fed 2.6 kg'd*^. Thus, CGF, supplemented 
with only vitamins and minerals, is an adequate complete feed for 
gestating sows. Knowledge of the net energy value of CGF for mature sows 
would be useful in determining an adequate daily feeding amount. Earlier 
work by Honeyman and Zimmerman (1988) and the NRC (1988) values suggest 
that 2.6 kg/d of CGF is needed to meet the sow's energy needs. These 
findings improve the cost competitiveness of CGF as a swine feedstuff and 
aid the industry in accurately determining CGF's value relative to other 
competitive feedstuffs. 
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Table 1. Basal diet composition 
LYS TRP 
Ingredient Trial 1 Trial 2 
% 
Corn gluten feed 96.95 96 .83 
Calcium carbonate .95 .95 
Dicalcium phosphate .70 .70 
Salt, iodized .50 .50 
Vitamin mix^ .50 .50 
Trace mineral mix^ .05 .05 
Chromic oxide .30 .30 
LYS-HCl OC .17 
TRP .046 Od 
Total 100.00 100 
o
 
o
 
^Supplied per kilogram diet: vitamin A 2200 lU vitamin Dg 550 lU, 
riboflavin 3.3 mg, niacin 16.5 mg, pantothenic acid 8.8 mg, vitamin 11 
meg. 
^Supplied in mg/kg of diet: Zn, 100; Fe, 50; Mn, 27.5; Cu, 5; I, 
.75. 
^Treatment diets included 0, .027, .054, .081, .108, and .135% 
crystalline LYS-HCl (78% lysine activity) substituted for equal amounts of 
CGF. 
^Treatment diets included 0, .011, .023, .035, .046, and .058% 
crystalline TRP substituted for equal amounts of CGF. 
Table 2. Calculated analysis of diets^ 
Item Trial 1 Trial 2 
Crude protein, % 19.39 19.37 
Crude fat, % 2.42 2.42 
Crude fiber, % 9.70 9.68 
Calcium, % .90 .90 
Phosphorous, % .91 .91 
Lysine, % .252 .382 
Tryptophan, % .077 .031 
ME, kcal/kg 2327 2324 
^Based on values in Nutrients Requirements of Swine, NRG (1979). 
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Table 3. Calculated dally intake estimates of digestible amino acids 
for Trial 1* 
Item Treatment diets 
Diet No. 1 2 3 4 5 6 
Total lysine, g 6.55 7.10 7.64 8.20 8.74 9.28 
Total tryptophan, g 2.00 2.00 2.00 2.00 2.00 2.00 
Lysine,^ 
% of requirement 80 87 93 100 107 113 
Tryptophan,^ 
% of requirement 120 120 120 120 120 120 
^Daily intake - 2.6 kg of diet. 
^Daily LYS requirement for a gestating sow of 8,2 g/d (NRG, 1988). 
^Daily TRP requirement of a gestating sow of 1.72 g/d (NRG, 1988). 
} 
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Table 4. Calculated daily intake estimates of digestible amino acids 
for Trial 2^ 
Item Treatment diets 
Diet No. 1 2 3 4 5 6 
Total lysine, g 9.93 9.93 9.93 9.93 9.93 9.93 
Total tryptophan, g .81 1.09 1.40 1.72 2.00 2.31 
Lysine,^ 
% of requirement 121 121 121 121 121 121 
Tryptophan,^ 
% of requirement 48 64 82 100 118 136 
^aily intake - 2.6 kg of diet. 
^aily LYS requirement for a gestating sow of 8.2 g/d (NRC, 1988). 
^Daily TRP requirement of a gestating sow of 1.72 g/d (NRC, 1988). 
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Supplemented LYS (g/d) 
Item 0 .55 1.09 1.65 2.19 2.73 Mean SEM 
N Intake, g/d 75.7 75.7 77.1 75.9 76.5 76.4 76.2 1.3 
Fecal N, g/d 25.0 22.3 24.7 27.2 27.3 19.5 24.3 6.8 
Urine N, g/d 45.1 47.2 42.4 46.2 44.8 38.7 44.1 6.8 
b 
N retained, g/d 5.6 6.3 10.1 2.5 4.4 18.2 7.8 12.6 
%eans of six sows. 
^Treatment effect P<.10. 
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Table 6. Effects of lysine intake on urine urea nitrogen, plasma urea 
nitrogen, and plasma lysine (Trial 1)^ 
Suppl. Urine Plasma urea N Plasma LYS 
LYS 
(g/d) 
urea N° 
(g/d) 
Fast" Postprandial 
(mg/dl) 
Fast Postprandial^ 
(mg/dl) 
0 1.53 10.39 9.83 2.15 2.86 
.55 1.55 9.34 10.38 2.13 3.27 
1.09 1.39 9.66 10.43 1.93 3.65 
1.65 1.41 9.60 9.70 2.49 3.40 
2.19 1.45 9.48 9.43 2.22 3.56 
2.73 1.43 9.04 9.98 2.30 3.16 
SEM .15 .59 .84 .42 .64 
^Means of six sows. 
^Linear effcct, P<.10. 
^Quadratic effect, P<.10. 
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Table 7. Effect of tryptophan Intake on N balance (Trial 2)^ 
Supplemented TRP (g/d) 
Item 0 .28 .59 .91 1.19 1.50 Mean SEM 
N intake, g/d 82.0 82.1 82.3 82.6 81.2 81.1 81.9 1.3 
Fecal N, 
g/db,c 
31.7 34.4 32.4 34.0 29.1 28.4 31.7 5.6 
Urine N, g/d 43.2 42.4 37.3 41.3 48.2 39.6 42.0 8.2 
N retained, g/d 7.2 5.2 12.6 7.3 4.0 13.2 8.2 8.5 
^Means of six sows. 
^Linear effect, P<.01. 
^Quadratic effect, P<.03. 
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Table 8. Effects of tryptophan intake on urine urea nitrogen, plasma 
urea nitrogen, and plasma tryptophan (Trial 2) 
Suppl. Urine Plasma urea N Plasma TRP 
TRP urea N Fast Postprandial Fast^'CPostprandial^ 
(g/d) (g/d) (mg/dl) (mg/dl) 
0 1.34 8.83 9.06 1.45 1.15 
.28 1.28 8.50 9.41 1.20 1.35 
.59 1.19 8.85 9.87 1.42 1.53 
.91 1.28 8.65 9.60 1.49 1.93 
1.19 1.17 7.51 9.53 1.65 2.27 
1.50 1.24 8.51 9.43 2.00 2.37 
SEM .14 1.11 .59 .61 1.12 
^Means of six sows. 
^Linear effect, P<.01. 
^Quadratic effect, P<.10. 
^Linear effect, P<.0001. 
Table 9. Reproductive performance (Trials 1 and 2) 
Item Trial 1 Trial 2 
Number of sows 6 6 
Mean parity 5.5 3.8 
Initial weight, kg 165.0 165.5 
Weight gain, kg 18.3 24.5 
Daily gain, kg .41 .48 
Projected weight gain (kg/114 d) 46.7 54.7 
No. of pigs born per litter 11.3 10.5 
Pig birth weight, kg 2.6 3.2 
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SUMMARY 
Biology does not move in a straight line. 
Dr. G. P. Kealey, M. D., March 10, 1989 
University of Iowa Hospital, Iowa City, Iowa. 
Multiple experiments were conducted to evaluate corn gluten feed (CGF) 
as the principal ingredient of gestating sow diets. The first experiment 
was an extensive applied trial measuring the reproductive performance and 
weight changes of eighty multiparous sows over three parities. The other 
experiments were more intensive and evaluated the energy, lysine, 
tryptophan, and fiber utilization of CGF by gestating sows. 
In the extensive trial, two CGF diets (based on the assumption that 
CGF was 70 or 80% the energy value of corn and the CGF lysine and 
tryptophan was 50% available) were compared to a conventional corn-soybean 
meal gestation diet. The CGF diets contained more than 90% CGF. 
Reproductive performance of the sows fed CGF during gestation was 
excellent with no significant differences in the number of pigs at birth 
and weaning (21 d), although the CGF-fed sows had numerically larger 
litters, i.e, more pigs per litter. Pigs from the CGF-fed sows were 
smaller at birth (P<.05), but subsequent weights did not differ. At d 109 
of gestation, the sows, fed the CGF diets which were based on the 
assumption that CGF was equal to 80% the energy value of corn, weighed 
less (P<.10) than the sows fed the other two dietary treatments (CGF 70% 
energy of corn and the corn-soybean diet). All sows were fed 
isocalorically based on the stated assumptions and the gestating sow 
energetic requirement, 6100 kcal ME/day. The feed allotment was increased 
25% during the winter months. 
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An experiment was conducted to determine the DE and ME value of CGF 
and the apparent digestibilities of its components for gestating sows. A 
97% CGF diet was fed at 2.6 kg'd"^ to multiparous gestating sows for 21 d 
with a 7-d total collection period. The determined CGF energy values were 
3552 kcal DE/kg, 3308 kcal ME/kg, and 3244 kcal ME^kg. These values are 
12 to 22% greater than the published swine energy values for CGF. 
Apparent digestibilities for the CGF components were N, 72.3%; EE, 35.4%; 
NDF, 51.6%; ADF, 47.4%; lignin, 45.3%; cellulose, 54.3%; and 
hemicellulose, 51.0%. 
Two additional trials were used to determine the apparent utilization 
of LYS and TRP in CGF for gestating sows. Graded levels of crystalline 
amino acids were used to evaluate the amino acid utilization of the CGF. 
Six multiparous gestating sows were fed 2.6 kg daily of a 97% CGF diet for 
a 7-d adjustment period and six 7-d periods in a Latin square experimental 
design for each of the two trials. Total urine collections and fecal grab 
samples were made the last 3 d of each period. Blood samples before 
feeding and postprandial on the final day of each period. The amino acids 
were supplemented at the following levels: Trial 1 - 0, .55, 1.09, 1.65, 
2.19, and 2.73 g'd'^ LYS; Trial 2 - 0, .28, .59, .91, 1.19, and 1.50 g'd'^ 
TRP. In Trial 1, N retained Increased (P<.10), urine urea N (UUN) and 
fasting plasma urea N (PUN) decreased linearly (P<.10), and postprandial 
plasma LYS increased quadratically (P<.10) as LYS increased. In Trial 2, 
fasting plasma TRP increased linearly (P<.01) and quadratically (P<.10), 
and postprandial plasma TRP increased linearly (P<.0001). With no amino 
acid supplementation levels of retained N (5.6 and 7.2 g*d"^), PUN (8.8-
10.4 mg/dl), and plasma amino acids (LYS, 2.15 and 2.86; TRP, 1.15 and 
1.45 mg/dl fasting and postprandial, respectively) indicated that the 
unsupplemented (no amino acids) CGF met the LYS and TRP needs of the 
gestating sow. Thus the LYS digestibility of CGF is at least 49% and the 
TRP digestibility of CGF is at least 46% for gestating sows. Therefore, 
it seems that the published digestibility values for LYS and TRP in CGF 
are underestimates of the digestibility of these amino acids for mature 
sows. 
Based on these collective data and observations, CGF is an adequate 
feedstuff for gestating sows, and can be used as the major dietary 
ingredient, i.e., over 90% of the total diet. The CGF fiber is well 
digested by sows and provides a major portion of the CGF energy. Even 
though DE and ME values of CGF were determined using energy balance to be 
almost equal to corn's energy values, the practical long-term trial 
suggested, based on sow weights, that the CGF was equal to about 70% the 
net energy value of corn. Thus, about 2.6 kg'd"^ of CGF is needed to meet 
the sow's energy requirement. 
Furthermore, this work suggests that 2.6 kg'd"^ CGF can provide all or 
nearly all the gestating protein and amino acid needs of a sow. 
Therefore, CGF supplemented with only vitamins and minerals seems to be an 
adequate or nearly adequate gestation diet for sows. 
Current U.S. prices do not permit economical use of CGF in swine 
diets. However, current prices are artificially elevated because of the 
tariff-free status that CGF enjoys in the European Economic Community 
(EEC) (Common Market). Therefore, nearly all of the CGF produced in the 
92 
U.S. is exported to the EEC. If this world trade situation changes, CGF 
could be available domestically at prices competitive in ruminant and some 
swine diets. These research findings provide some of the basic and 
applied information necessary for effective utilization of CGF in swine 
diets. 
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Table A.l. Analysis of variance of breeding weights of sows fed three 
gestation diets over three parities, including four breeding 
weights (Section 2) 
Source DF 
Mean sauare 
Breeding 
weights, kg 
Model^ 81 6976 
b 
Treatment 2 7933 
c 
Sow (treatment) 70 7008 
Litter^ 3 16638 
Litter x treatment 6 989 
Error 165 547 
Total 246 
^The model's F value when testing With the error MS is P<.0001. 
^Uses the sow (treatment) mean square as the error term for the 
treatment F tests. 
^The sow (treatment) F value when testing with the error M.S. is 
P<.0001. 
"^The litter F value when testing with the error MS is P<.0001. 
Table A.2. Analysis of variance of sow weights and litter performance at birth over three parities 
(Section 2) 
Mean square 
Sow weights, kg 
Pre- Post- Pigs Pig birth Litter birth 
Source DF farrow farrow Weaning bom weight, kg weight, kg 
Model 78 5153* 5854* 7172* 12. 88 .456^ 79. 4*** 
Treatment^ 2 13643* 13026 9335 16. 93 1.611** 34. 6 
Sow (treatment) 70 5107^ 5821^ 7009^ 12, 99** .403**** 85, .4*** 
Litter 2 7232^ 8378^ 24658^ 29. 03** 2.335* 2 .2 
Litter x treatment 4 851 928 886 1 .95 .075 27 .4 
Error 114 556 605 673 8 .77 .203 46 .5 
Total 192 
f.The model's F value when testing with the error MS is P<.0001. 
°Uses the sow (treatment) MS as the error term for the treatment F tests. 
^The sow (treatment) F value when testing with the error MS is P<.0001. 
The litter F value when testing with the error MS is P<.0001. 
*P<.10. 
**P<.05. 
***P<.01. 
****P<.001. 
Table A.3. Analysis of variance of litter performance at 7 d, 14 d, and 21 d over three parities 
(Section 2) 
Mean square 
Pigs Litter weights, kg PiK ; weights, kg 
Source DF 7 d 14 d 21 d 7 d 14 d 21 d 7 d 14 d 21 d 
Model 78 6.98 6.65 6.38 150.0 329.6 532.0 1 .41*** 4,12*** 7.44**** 
Treatment^ 2 6.02 8.87 8,25 41.2 123.5 288.0 1 .83 3.87 7.20 
Sow (treatment) 70 7.38 7.05 6.76 157.1 355.4 573.8 1 .40*** 4.28*** 7.87**** 
Litter 2 .19 1.21 .83 97.7 82.2 97.1 3 .26** 2.21 1.76 
Litter x treatment 4 2.75 2.67 2.23 97.4 97.2 101.0 .48 3.10 4.26 
Error 113 6.04 6.59 6.39 146.6 389.0 621.1 .85 2.41 3.65 
Total 191 
^Uses the sow (treatment) MS as the error term for the treatment F tests. 
**P<.05. 
***p<.01. 
****p<.001. 
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Table A.4. Analysis of variance of lactation feed intake over three 
parities (Section 2) 
Mean square 
Total Average daily 
lactation feed lactation feed 
Source DF intake, kg intake, kg 
Model * 77 4480 10.2 
Treatment^ 2 3170 7.2 
Sow (treatment)^ 69 3302 7.5 
Litter^ 2 50336 114.1 
Litter x treatment 4 2183* 5.0* 
Error 82 1035 2.3 
Total 159 
^he model's F value when testing with the error MS is P<.0001. 
^Uses the sow (treatment) mean square as the error term for the 
treatment F tests. 
*^The sow (treatment) F value when testing with the error M.S. is 
P<.0001. 
^The litter F value when testing with the error MS is P<.0001. 
*P<.10. 
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Table A.5. Analysis of variance of breeding interval for sows over three 
parities (Section 2) 
Source DF 
Mean sauare 
Days from weaning 
to breeding 
Model * 76 40.3 
Treatment^ 2 136.6** 
Sow (treatment) 68 41.9 
Litter 2 3.5 
Litter x treatment 4 4.2 
Error 111 17.7 
Total 187 
®The model's F value when testing with the error MS is P<.0001. 
^Uses the sow (treatment) mean square as the error term for the 
treatment F tests. 
**P<.05. 
Table A.6. Analysis of variance of sow weights and litter performance for the first parity 
(Section 2) 
Mean square 
Litter Pig 
Sow weights, ke birth birth 
Source DF 
Pre-
farrow 
Post-
farrow Weaning Breeding 
Pigs 
bom 
weight, 
kg 
weight, 
kg 
Model 10 8191**** 9714**** 9555**** 9794**** 16.8** 80.8 .78*** 
Treatment 2 2052 2800 855 1501 9.2 36.0 .71* 
Litter 8 9726**** 11443**** 11730**** 11867**** 18.7** 92.0 .80** 
Error 62 1635 1738 1813 1549 8.0 52.6 .29 
Total 72 
*P<.10. 
**P<.05. 
***P<.01. 
****?<.001 
Table A.6. Continued 
Mean square 
Source DF 
Pigs 
7 d 
Litter 
weight 
7 d, kg 
Pig 
weight 
7 d, kg 
Pigs 
14 d 
Litter 
weight 
14 d, kg 
Pig 
weight 
14 d, kg 
Pigs 
21 d 
Litter 
weight 
21 d. kg 
Pig 
weight 
21 d, kg 
Model 10 8.5 118.1 2.29 7.5 211.0 5.85* 7.6 414.7 11.9** 
Treatment 2 6.3 114.2 1.86 6.0 126.4 4.07 7.1 314.7 7.4 
Litter 8 9.1 119.1 2.39 7.9 232.1 6.30* 7.7 439.7 13.1** 
Error 62 5.6 121.9 1.37 6.0 360.2 3.35 6.1 570.2 6.0 
Total 72 
Table A.7. Analysis of variance of sow weights and litter performance for the second parity 
(Section 2) 
Mean square 
Source DF 
Pre-
farrow 
Sow we 
Post-
farrow 
ights, kg 
Weaning Breeding 
Pigs 
bom 
Litter 
birth 
weight, 
kg 
Pig 
birth 
weight, 
kg 
Model 10 7417**** 9020**** 11632**** 7696**** 16.0* 61.8 .30 
Treatment 2 5767** 6402** 4284 1905 9.3 31.9 .56 
Litter 8 7830**** 9675**** 13470**** 9143**** 17.7* 69.2 .24 
Error 54 1518 1549 1917 1345 8.4 46.4 .27 
Total 64 
*P<.10. 
**P<.05. 
****P<.001 
Table A.7. Continued 
Mean square 
Source DF 
Pigs 
7 d 
Litter 
weight 
7 d, kg 
Pig 
weight 
7 d, kg 
Pigs 
14 d 
Litter 
weight 
14 d, kg 
Pig 
weight 
14 d, kg 
Pigs 
21 d 
Litter 
weight 
21 d, kg 
Pig 
weight 
21 d, kg 
Model 10 7.3 258.4* 1.61 9.2 613.5* 3.49 7.7 818.1 4.8 
Treatment 2 3.7 103.3 .94 3.1 72.5 1.61 2.6 82.5 3.6 
Litter 8 8.1 297.1** 1.78* 10.7** 748.8** 3.96 9.0 1002.0* 5.1 
Error 54 5.8 130.9 .93 5.5 319.6 2.96 5.4 541.5 5.9 
Total 64 
Table A.8. Analysis of variance of sow weights and birth litter performance for the third parity 
(Section 2) 
Mean square 
Litter Pig 
Sow weights, kg birth birth 
Pre- Post- Pigs weight, weight, 
Source DF farrow farrow Weaning Breeding bom kg kg 
Model 10 5197**** 5777*** 6313*** 7491**** 19. 9** 145. ,1** .30 
Treatment 2 6507*** 6387** 3615 3977* 4. 9 19. 9 .22 
Litter 8 4870*** 5625*** 6987*** 8370**** 23, .7** 176, .4** .32 
Error 44 1300 1633 2118 1485 9 .3 64 .4 .18 
Total 54 
*P<.10. 
**P<.05. 
***P<.01. 
****?<.001. 
Table A.9. Analysis of variance of litter performance for the third parity (Section 2) 
Mean square 
Source DF 
Pigs 
7 d 
Litter 
weight 
7 d, kg 
Pig 
weight 
7 d, kg 
Pigs 
14 d 
Litter 
weight 
14 d, kg 
Pig 
weight 
14 d, kg 
Pigs 
21 d 
Litter 
weight 
21 d, 
kg 
Pig 
weight 
21 d, 
kg 
Model 10 11.1 304.0* .79* 11.0 584.6 4.31** 9.8 859.5 3.97 
Treatment 2 3.8 76.5 .57 3.5 258.0 4.62 3.3 971.7 1.30 
Litter 8 13.0* 360.9** .85* 12.9* 666.2 4.23* 11.4 410.9 4.64* 
Error 43 6.8 157.9 .45 7.2 360.3 2.06 6.8 585.7 2.34 
Total 53 
*P<.10. 
**P<.05. 
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Table A.10. Analysis of variance of lactation feed intake for the first 
parity (Section 2) 
Mean square 
Source DF 
Lactation feed 
intake, kg 
Lactation daily 
feed intake, kg 
Model 10 3970** 9.00** 
Treatment 2 6546** 14.84** 
Litter 8 3326** 7.54** 
Error 30 1366 3.10 
Total 40 
**P<.05. 
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Table A.11. Analysis of variance of sow breeding interval for the first 
parity (Section 2) 
Source DF 
Model 
Treatment 
Litter 
Error 
Total 
10 
2 
8 
60 
70 
Mean square 
Days between weaning 
and breeding 
25.7 
29.9 
24.6 
42.1 
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Table A.12. Analysis of variance of lactation feed intake for the second 
parity (Section 2) 
Mean square 
Lactation feed Lactation daily 
Source DF intake, kg feed intake, kg 
Model 10 2274 5.16 
Treatment 2 960 2.13 
Litter 8 2602 5.90 
Error 54 1521 3.45 
Total 64 
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Table A.13. Analysis of variance of sow breeding Interval for the second 
parity (Section 2) 
Source DF 
Mean square 
Days between weaning 
and breeding 
Model 
Treatment 
Litter 
Error 
Total 
10 
2 
8 
53 
63 
22.34 
74.77 
9.24 
31.61 
118 
Table A.14. Analysis of variance of lactation 
parity (Section 2) 
feed intake for the third 
Mean sauare 
Source DF 
Lactation 
feed intake, 
kg 
Lactation 
daily feed 
intake, kg 
Final sow 
breeding 
weight, kg 
Model 10 4636*** 10.5 7369*** 
Treatment 2 2615 5.9 5539 
Litter 8 5141*** 11.7 7827** 
Error 43 1396 3.2 1160 
Total 53 
**P<.05. 
***?<.01. 
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Table A.15. Analysis of variance of sow breeding interval for the third 
parity (Section 2) 
Source DF 
Mean square 
Days between weaning 
and breeding 
Model 
Treatment 
Litter 
Error 
Total 
10 
2 
8 
42 
52 
6.65 
7.26 
6.50 
5.38 
Table A. 16. Analysis of variance of urine and fecal N, N retained, urine urea N, plasma urea N, 
and plasma LYS of gestating sows fed increasing levels of LYS in a CGF diet 
(Section 3, Trial 1) 
Mean square 
Urine Plasma urea N . Plasma LYS 
Urine Fecal N urea Post- Post-
Source DF N N retained N Fast prandial Fast prandial 
g/d mg/dl mg/dl 
Model 12 60.7 112.8** 236.5** 47.4*** 5.94**** 2.87** 413.0 830.0 
Sow 5 71.3 132.4** 322.9 35.8* 6.84** 3.23** 231.8 697.0 
Period 5 42.6 119.2** 154.8 62.2*** 6.70** 3.49** 713.5 869.9 
Treatment linear 1 107.7 8.0 210.4 53.4* 3.49* .70 225.3 397.1 
Treatment quadratic 1 51.3 87.6 239.4 25.1 .12 .12 3.9 1728.9* 
Error 23 40.0 41.4 98.6 14.8 1.19 1.10 596.1 473.8 
Total 35 
*P<.10. 
**P<.05. 
***P<.01. 
****P<.001. 
Table A.17. Analysis of variance of urine and fecal N, N retained, urine urea N, plasma urea N, 
and plasma TRP of gestating sows fed increasing levels of TRP in a CGF diet 
(Section 3, Trial 2) 
Mean square 
Urine Plasma urea N Plasma TRP 
Urine Fecal N urea Post­ Post­
Source DF N N retained N Fast prandial Fast prandial 
g/d mg/dl mg/dl 
Model 12 33. 6 53, .7** 100, .5 99. 4** 
Sow 5 54. 4 38 .1** 127, .4* 197. 9*** 6.74*** 5. 37**** .270 .833 
Period 5 24. 8 62 .4**** 96 .8 25. 8 14.37**** 11. 77**** .169 ,368*** 
Treatment linear 1 
• 
9 82 .1*** 37 .0 47. 4 1.41 32 .070 .166* 
Treatment quadratic 1 5. 9 59 .5** 12 .1 27. 1 1.94 1. ,38 1.49*** 7.32**** 
.03 .56 .002 
Error 23 35. 6 10 .2 56 .9 39. 6 2.20 1. ,13 .170 .065 
Total 35 
*P<.10. 
**P<.05. 
***P<.01. 
****P<.001 
